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Page  76. 

Chapter  V. 

GUARANTEE  OF  THE  RELIABILITY  OF  RADIO  AND  ELECTRONIC  EQUIPMENT. 

Radio  and  electronic  equipment  [REA]  can  go  out  of  order  as  a 
result  of  internal  and  external  effects  on  it.  The  more  complicated 
the  equipment,  the  greater  the  probability  of  its  failures.  However, 
technical  progress  is  not  thought  without  the  complicated  means  of 
radio  electronics.  Therefore  the  problem  of  an  increase  in  their 
reliability  is  one  of  the  bases  [2,  30,  40]. 

Failures  of  REA  -  random  events;  therefore  reliability  can  be 
rated/ estimated  only  statistically.  The  theory  of  reliability,  as  any 
other  statistical  theory,  cannot  predict  the  behavior  of  separate 
instrument,  but  sufficiently  accurately  it  can  rate/estimate  the 
behavior  of  entire  set  -  ensemble.  For  the  ensemble  of  real 
instruments  is  known  only  the  fact  that  on  the  average  with  a  large 
number  of  tests  the  specific  part  of  the  instruments  will 
malfunction,  but  it  is  unknown,  what  precisely. 
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Reliability  -  probabilistic  category,  which  characterizes 
properties  of  REA  (other  devices/equipment),  caused  by  its 
reliability,  by  life  and  maintainability,  and  ensuring  the  formal 
fulfillment  of  the  assigned  functions.  Quantitatively  reliability  is 
rated/estimated  by  the  product  of  the  probability  of  the  failure-free 
operation  P  to  the  readiness  factor  Kr 

Readiness  factor 

Kr  -  27W(ZTm  +  ZT^  +  ST***),  (V-l) 

where  27,*,-  total  time  of  failure-free  operation;  27,**-  total  time, 
spent  on  the  repair,  detection,  position  finding  and  clearing;  2 - 
total  time  of  preventive  works,  spent  on  the  routine  inspection, 
checking,  scheduled  maintenance,  etc. 

By  reliability*  is  understood  the  property  of  REA  to 
continuously  remain  operable  wider  the  specific  modes/conditions  and 
operating  conditions. 

FOOTNOTE  *.  Sometimes  in  the  literature  reliability  is  called 
reliability.  ENDFOOTNOTE. 


Efficiency  quantitatively  is  rated/estimated  by  the  probability  of 
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failure-free  operation  or  by  other  indirect  probabilistic  indices  - 
with  rate  of  failures  X  and  by  the  mean  time  between  failures 
(SV-2). 

Page  77. 

Efficiency  -  state  of  REA,  in  which  it  corresponds  to  requirements  of 
TU,  but  only  with  respect  to  the  fundamental  parameters,  which  are 
determining  the  normal  fulfillment  of  the  assigned  functions. 
Malfunction  of  REA  -  disturbance/breakdown  of  norms  of  TU  from  any 
fundamental  or  secondary  parameter.  The  secondary  parameters 
rate/ estimate  not  fundamental  characteristics  of  REA,  for  example 
convenience  in  the  maintenance  -  signal  lamps  of  safety 
devices/fuses,  knob/stick  for  the  transference,  etc. 

Failures  divide  into  the  sudden  ones  (catastrophic)  and  the 
gradual  ones  (parametric).  The  random  failures  appear  as  a  result  of 
sharp  random  changes  in  the  parameters  of  elements/cells,  for  example 
the  breakdown  of  capacitors  or  transistors,  the  break  of  wire  or 
resistor,  etc.  The  deterioration  failures  appear  as  a  result  of  slow 
changes  in  the  parameters  of  elements/cells ,  which  derive/conclude 
the  determining  parameter  beyond  the  limits  of  the  tolerance  range  . 
For  example,  a  change  in  the  parameters  (aging)  of  transistor  leads 
to  the  disruption/separation  of  generation  or  the  decrease  of 
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amplification. 

Distinguish  the  complete  failures,  when  REA  not  at  all  works, 
and  partial,  when  REA  works,  but  it  does  not  completely  satisfy  the 
requirements  for  the  fundamental  parameters,  for  example  the  light 
rating  of  transmitter.  According  to  the  character  of  manifestation  in 
the  time  failures  divide  into  the  stable  ones,  i.e.,  those  continuing 
to  their  elimination  by  road-mending  machines,  and  keeping  aloof.  The 
latter,  in  turn,  are  divided  into  the  short  duration  failures  (rare, 
short -duration  failures)  and  the  intermittent  failures  (repeated, 
frequently  repeating  short  duration  failures). 

In  connection  with  the  reliability,  REA  it  is  possible  to  divide 
into  restored,  i.e.,  overhauled  during  the  service  life,  and  not 
restored,  which  in  the  case  of  the  failure,  for  example,  the  radio 
detonators,  transistors,  capacitors  replace. 

SV-1.  Economy  of  reliability. 

The  optimum  reliability  (SX-2),  which  corresponds  to  the  minimum 
expenditures/consumptions  of  user  for  the  operating  time  of  REA,  can  * 
be  determined,  using  expression  for  the  total  cost/value  (SI-4); 
additionally  are  considered  the  possible  losses  (losses),  caused  by 
malfunctions  of  REA  in  the  service  life.  These  losses  are  determined 
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by  idle  times  C^tfor  example,  with  the  malfunction  of  the  line  of 
communications  or  of  computer  the  operating  organizations  do  not 
obtain  payment),  or  by  possible  death  of  material  and  other  values  Cr' 
(for  example,  due  to  the  malfunction  of  controller  can  occur  the 
emergency).  If  losses  per  hour  of  idle  time  compose  C„,>.  the  mean  time 
of  one  repair  T p«.  an  average  in  the  service  life  T  number  of  failures 
(repairs)  =»  T/r„  T »  -  thre  mean  time  between  failures,  then  losses 
for  time  T,  led  to  the  time  of  the  beginning  of  operation,  by  analogy 
with  (1-4) 

Civ  =■  CnpT’pat  /l*p  (TjT)  (I  —  exp(l  —  T/TJJ  mm 

~CB9TV"(T'/T,)ll-tX?(—T/Tt)].  (V-2) 


Page  78. 


If  failure  of  REA  can  with  probability  produce  the  death  of 
property  for  sum  then  in  (V-2)  it  is  necessary  to  add  the 
mathematical  expectation  of  losses,  equal  to  PrC,- 

Thus,  the  generalized  cost/value  of  equipment  is  equal  to  total 
cost/value  (1-4)  plus  losses  due  to  its  malfunction: 

Ca-C«  +  C;  +  C;  +  CU4-C^  (V-3) 

cr,  -  c„ + r,  ic, + c, + (C„t p.  +  p£t)it.i  U  -«p(-r/rji4) 

Simple  relationship/ratio  (V-4)  helps  to  determine  optimum 


reliability  of  REA  (in  the  sense  of  the  minimum  generalized 
cost/value) . 
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Let  us  find  minimum  cost/value  of  REA 

dCtJdP  -  0.  (V-5) 

After  solving  equation  (V-5),  it  is  possible  to  find  optimum 
efficiency  Pon»(SV-2). 

For  solving  equation  (V-5)  are  necessary  the  analytical 
relationships/ratios,  which  connect  efficiency  P  (reliability  P,) 
with  first  cost  C«  =*  t|>K  (P),  expenditures  for  operation^**  if,  (P)  and 
maintenance 

Ci  - 

The  first  cost  of  REA  C,  is  determined  by  expenditures  for  its 
development,  cost/value  of  materials  and  parts,  by  wages,  etc.  For 
REA  of  the  increased  reliability  the  expenditures  for  development 
increase;  the  cost/value  of  parts,  assemblies  and  materials, 
production  of  devices/equipment  and  so  forth  in  this  case 
considerably  higher  than  usual  (SV-3).  There  are  no  universal 
relationships/ratios,  which  numerically  connect  C,  and  P,  since  for 
all  possible  types  of  the  equipment,  manufactured  in  the  different 
enterprises,  the  numerical  characteristics  can  be  changed.  However, 
the  expression 

C,-A/(l-n*  (V-6) 

during  the  appropriate  selection,  of  the  constants  h,  a,  and  b 
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correctly  reflects  dependence  C.  =»  tfc,  (P):  sharp  increase  c.  with 
approximation/approach  P  to  one  (Fig.  V-l). 

Operating  costs  virtually  do  not  depend  on  the  required 
reliability,  since  state/staff  and  qualification  of  operators  little 
affect  reliability  of  REA.  In  the  approximate  computations  it  is 
possible  to  consider  that  the  operating  costs  do  not  depend  on 
efficiency  (reliability)  of  REA. 
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Fig.  V-l.  Optimum  reliability  of  REA:  1.-  C,  the  cost/value  of 
maintenance;  2  -  c,  the  first  cost  of  REA;  3  -cx,-general/common/total 
cost/value  of  REA. 

Page  79. 

Expenditures  for  maintenance  depend  substantially  on  the 
reliability  of  equipment.  A  decrease  in  the  efficiency  raises  the 
expenditures  for  repair,  which  are  folded  from  the  cost/value  of  the 
replaced  parts  and  the  wages  of  road-mending  machines.  Expenditures 
for  routine  checks  and  inspection  of  equipment  little  depend  on  the 
required  efficiency. 

Let  us  rate/estimate  expenditures  per  unit  time  for  maintenance, 
it  is  more  precise  to  repair  (CiwC^J: 

C,  =  Cpmi/T,  -  (TpJZ p.«  +  mC„)IT.,  (V-7) 

where  T,  -  mean  time  between  failures  (repair);  C^-  cost/value  of  one 
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repair  ;  -  average  duration  of  repair;  Cp»«  -  wages  per  hour;  C - 

mean  cost/value  of  one  replaced  part;  m  -  average  number  of  parts, 
replaced  during  one  repair;  according  to  the  statistical  data  m=2.3, 
Tpn,  =3.3  hour. 

After  substituting  equalities  (V-6)  and  (V-7)  into  formula 
( v-4 ) ,  after  excluding  operating  costs  C„ we  will  obtain 

Cz  -  h/  (1  -  Pa)i  +  (TjTJ  (Tp«Cp,a  +  mC + 

+  + p,cr)  ( i  _  exp  (—  r/rji.  (V-8) 

Pm-  optimum  efficiency  in  the  sense  of  the  smallest  cost/value  let 
us  find,  after  substituting  relationships/ratios  (V-8)  in  (V-5).  The 
obtained  equations  are  transcendental,  to  solve  them  in  general  form 
is  impossible.  Under  the  specific  conditions  it  is  possible  to  solve 
them  by  numerical  methods.  The  obtained  relationships/ratios  can  be 
illustrated  by  the  graph/curve  (Fig.  V-l ) ,  which  reflects 
characteristic  dependences  for  the  general/common/total  cost/value. 
The  use/application  of  calculated  'relationships/ratios  (v-5)- (V-8 ) ,. 
that  are  determining  optimum  efficiency  under  the  actual  conditions, 
is  impossible  without  the  numerical  values  of  coefficients.  The 
numerical  values  of  the  coefficients  can  be  obtained  from  the 
generalized  technical-economic  characteristics  of  REA  (Chapter  X)  and 
the  statistical  evidence  about  the  failures. 

For  the  collection  of  materials  about  the  failures  of  REA  were 
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developed  the  special  maps/charts/cards,  in  which  noted  the 
conditions  for  work  of  REA  at  the  moment  of  each  failure;  the  reasons 
for  failure;  what  elements/cells  produced  failure  (independent 
failure)  and  what  elements/cells  as  a  result  of  this  failure 
additionally  refused  (the  dependent  failure);  how  long  it  lasted  the 
search  for  damage  and  strictly  repair;  what  and  how  many  parts  they 
replaced  and  so  forth. 

As  a  result  of  similar  statistic  studies  in  the  middle  Fifties 
interesting  averaged  data  (Table  V-l)  about  the  distribution  of  the 
reasons  for  failures  (without  taking  into  account  electron  tubes)  [2] 
were  obtained. 

These  data  show  that  43%  of  all  failures  of  operable  REA  were 
caused  by  errors  during  the  design,  20%  -  by  incorrect  operation,  and 
10%  -  by  incorrect  maintenance/servicing.  . 
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Page  80. 


Table  V-l.  Classif ication  of  the  reasons  for  failures 
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Key:  (a).  Section,  (b) .  Reasons,  (c).  Number  of  damages,  %.  (d) . 
Design  (design  failures).  I.7  Electrical,  a)  a  deficiency/lack  in  the 
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diagram,  b)  the  incorrect  selection  of  electrical  values,  c)  the 
misapplication  of  elements/cells.  2.  Mechanical,  a)  the  incorrect 
selection  of  material,  b)  incorrect  mechanical  design,  (e).  Operation 
(operational  failures).  1.  Climatic  conditions  and  mechanical  loads, 
which  do  not  correspond  to  given  ones.  2.  Incorrect 
maintenance/servicing.  3.  Incorrect  mode/conditions  of  operation. 

(f).  Production  (technological  failures).  1.  Production  not  in 
accordance  with  technical  specifications.  2.  Low-grade  raw  material 
and  semi-finished  products,  (g).  Other.  1.  Wear,  aging.  2.  Different 
and  not  established. 

Page  81. 

It  is  of  interest  and  distribution  of  failures  according  to  the  types 
of  the  completing  articles  (Table  V-2).  Electron  tubes  undergo  up  to 
50%  of  failures,  which  is  one  additional  foundation  for  the 
replacement  by  their  transistors,  when  this  is  technically  possible 
and  is  permitted  by  operating  conditions. 

The  high  percentage  of  failures  due  to  the  resistors  and  the 
capacitors,  in  spite  of  their  high  reliability,  it  is  determined  by 
their  large  applicability  in  the  diagrams  of  REA  (Table  V-3). 

The  analysis  of  data  of  Table  V-3  shows  that  in  REA  for  every 
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tube  (transistor)  on  the  average  there  are  6-7  capacitors,  5-6 
resistors,  20-30  solderings,  2-3  inductive  elements,  etc.;  therefore 
the  preliminary  simplified  evaluation/estimate  of  the  complexity  of 
devices/equipment  according  to  a  number  of  tubes  or  transistors  is 
permitted. 
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Table  V-2 .  Distribution  of  failures  according  to  the  circuit 
elements. 
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Key:-(1).  Designation  of  radio  parts.  (2).  Number  of  damages,  %.  (3). 
Electron  tubes.  (4).  Resistors.  (5).  Capacitors.  (6).  Transformers 
and  inductance  coil.  (7).  Switches,  switches,  plugs,  relay.  (8). 
Other. 


Table  V-3 .  Applicability  of  circuit  elements. 
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Key:  (1).  Group  of  elements/cells.  (2).  %  equipment  on  schematic 
diagram.  (3).  radar  and  radio  navigation.  (4).  transceivina.  (5). 
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receiving.  (6).  Vacuum-tube  instruments.  (7).  Capacitors.  (8). 
Resistors.  (9).  Transformers  and  chokes/throttles .  (10).  Inductance 
coils,  filters,  delay  line.  (11).  Relays.  (12).  Selsyns,  electric 
motors,  converters.  (13).  Measuring  meters.  (14).  Lighting  and 
indicator  lights.  (15).  Quartzes.  (16).  Safety  dev ices/ fuses. 

Page  82. 

SV-2.  Calculation  of  efficiency  according  to  the  random  failures. 

The  random  failures  of  elements/cells  -  random  events. 
Consequently,  efficiency  of  these  elements/cells  after  failure  also 
random  event.  Let  us  test  a  set  of  N  of  the  same- type,  unrepaired 
elements/cells  (systems)  of  exact  ones  with  t-0.  For  the  time  from  0 
to  t  reject  n(t)  of  elements/cells,  exact  remain  N-n(t).  Efficiency 
of  elements/cells  at  the  end  of  the  interval,  0-t  at  moment/torque  t, 
determined  by  the  probability  of  their  working  order  P,  (t),  is 
numerically  expressed  by  the  ratio  of  a  number  of  favorable  events  - 
exact  elements/cells  -  N-n(t),  to  a  total  number  of  events  -  number 
of  elements/cells  N  [5]: 

pt  (0  -  1^  —  « (01  IN  -  l  —  n  (Q/JV,  (V-9) 

dpi  -  —  {dn  (t)/di]/N  «*  _  Art  (V-9 a) 

where  An(t)/At  -  number  of  elements/cells .  which  refused  per  unit 
time,  connected  with  the  rate  of  failures  X,  (0*  Rate  of  failures 


\ 
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they  call  the  failure  probability  of  the  unrestorable  (unrepaired) 
element/cell  for  the  single  time  and  numerically  determine  by  the 
ratio  of  a  number  of  elements/cells,  which  refused  for  the  time  from 
t  to  t+At,  to  the  product  At  to  a  number  of  exact  elements/cells  at 
moment/torque  t: 

X,  (/)  [n  (/  +  AO  -  n  (01/A/  [N  —  n  (/)I  - 

-  An  (0/A/  [J V  —  n  <Z)|.  (V- 10) 

After  substituting  relationship/ratio  (V-10)  in  (V-9a),  let  us  find 

dP,(f)ldt  -  MO  Itr—nmN  - — (0  •  P,(0 
dPMlPM' - 

Integrating,  we  will  obtain 

In  Pt  (0  -  -  f  X,  (0  dt  +<*;  Pt  (0  -  exp  [-  f  X,  (0  d/]. 

With  t-0  all  elements/cells  are  exact  and  ef  f  iciency  P,  (0)  - 1,  so 
that  arbitrary  constant  c»«l. 

Pl(0-«tp[-JX,(0d/j.  (V-ll) 

If  rate  of  failures  X,‘(0  does  not  depend  on  time,  then 
P,(0  -exp(— ty).  ~~  (V-12) 

Is  obtained  important  relationship/ratio  -  exponential  decay  law 
of  efficiency  in  the  time  when  X,  »const  (SV-3). 

Let  us  find  the  mean  time  of  failure-free  operation  - 
unrestorable  elements/cells,  by  assuming  that  »const. 


the 
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Page  83. 


For  the  random  functions  the  mean  time  of  the  failure-free  operation 

ria,-7  --fMPtM—iPMj  +[P,V)‘U-[ 

(V-13) 


vhere  (Q  -  probability  density  of  the  failures  of  elements/cells 
<M0 dll  —  P,  (l)\ldt-  —  <tf»,  (0/rfh  the  first  term  it  is  equal  to  0, 
since  p,(i)  with  t**<»  it  falls  more  rapidly  than  1/t  (for  example, 

V-12 ) .  The  group  of  the  random  events  (element/cell  is  exact  or 
refused)  complete;  therefore  the  failure  probability  of  element/cell 
(unfitness  for  work)  p,  (l)  and  the  probability  of  working  order 
(efficiency)  in  the  sum  were  equal  to  one. 


Under  exponential  decay  law  of  efficiency  (V-12) 

<7i  (0  *»  —  dP,  ■■  exp  (—  !,<).  . 

Integrating  (V-13),  we  will  obtain 

••  m 

exp(—  V)d/  -  l/A,.  (V-14) 

After  using  relationship/ratio  (V-14),  (V-12)  it  is  possible  to 
record  thus: 

P,  (<)  -  exp  (—  >.,0  -  exp  (—  t[T lcp),  (V-15) 

where  T,tp-  conditional  (SV-3)  mean  time  of  failure-free  operation 
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with  constancy  A.,.  during  which  efficiency  of  element/cell  decreases  in 
e  of  times  =  Hess  0,37. 

During  the  design  the  procedure  of  calculation  of  efficiency  of 
REA  according  to  the  reliability  of  the  entering  it  instruments , 
assemblies  and  elements/cells  is  necessary.  During  the  calculation  of 
reliability  they  assume  that  all  elements/cells  are  necessary  for  the 
exact  work  of  REA  and  the  failure  of  any  element/cell  leads  to  its 
failure.  This  circuit  of  elements/cells  in  the  theory  of  reliability 
is  called  series  connection  of  elements/cells.  Let  us  assume  also 
that  the  reasons  for  the  failures  of  elements/cells  are  statistically 
independent;  for  the  random  failures  -  this  is  actual,  with  such 
prerequisites/premises  probability  Pz  (/)  -  the  complicated  random  event 
of  efficiency  of  REA  as  a  whole  -  simultaneous  efficiency  all  n  of 
the  elements/cells,  entering  series  connection,  is  equal  to  the 
product  of  efficiencies  Pt  (f)  :of  all  elements/cells: 

PZ(0-n />,(*)•  (v-is) 

(■1 

If  series  connection  n  of  elements/cells  involves  k  different 

/■I 

types  with  respect  to  identical  elements/cells  2  ni  *  *•  then 

/«■* 

*x(o-n 


(V-17) 
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Page  84. 

Under  exponential  law  of  decay  of  efficiency  of  elements/cells 
( V-12 ) 

<-*  -/  /-*  \ 

Pt(/)-n  P,(t)Kl-  n  exp (-V*,*]- exp  I-/2  = 

-expC-^/Tiep),  (V-I8) 

where  — mean  time  of  failure-free  operation  of  REA. 

/-i  . 

Relationship/ratio  (V-18)  analytically  connects  efficiency  on 
the  random  failures  of  system  with  the  rate  of  failures  of  separate 
elements/cells.  For  calculating  the  efficiency  of  system  with  series 
connection  of  elements/cells  it  is  necessary  to  know  a  quantity  and 
the  rates  of  failures  of  these  elements/cells. 

Is  of  interest  one  additional  statistical  parameter  -  mean  time 

between  f  ailures  T,.  The  mean  time  between  failures  is  defined  as  the 

mean  operating  time  of  the  restorable  (overhauled)  system  between  two 

/— « 

adjacent  failures.  If  system  exactly  studied  (it  produced)  TV  ™  2 

/“I 

the  hours,  where  Kt,—  operating  time  between  two  adjacent  failures, 

f—m 

and  m  -  total  number  of  failures,  then  T,  —  Tp/m  —  2  tjm.  (V-19) 

t- 1 
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If  the  law  of  a  change  of  the  efficiency  with  time  after 
failures  and  restorations/reductions  (repairs)  is  not  changed,  then 
mean  operating  time  between  the  failures  (mean  time  between  failures) 
Tm  must  not  depend  on  the  number  of  failure  and  it  is  equal  to 
operating  time  to  first  failure  Tc p.  The  law  of  a  change  in  the 
efficiency  of  system  after  restorations/reductions  is  not  changed,  if 
1,  (fl  =»  1,  *  const,  failure  rate  does  not  depend  on  time,  but  in  this  case 
decay  law  of  efficiency  is  exponential  (V-12).  Thus,  under 
exponential  decay  law  of  ef f  iciency  Tn  —  fie*  —  1/Ztyi,; the  mean  time 
between  failures  T,  it  is  equal  to  the  mean  time  of  failure-free 
operation  fxcv 

With  a  large  number  of  elements/cells  efficiency  Pz(0  and  mean 
time  between  failures  Ta  of  system  are  insignificant  (Fig.  V-2). 

Let  us  note  two  important  special  features/peculiarities  of 
exponential  decay  law  of  efficiency.  Efficiency  in  the  interval  of 
time  r  does  not  depend  on  reference  point  of  its. 


I 
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Pig.  V-2.  Dependence  of  efficiency  of  system  Pz  on  efficiency  Pi  and 
number  of  elements/cells  N. 

Page  85. 

Actually/really,  efficiency  -  this  is  the  ratio  of  a  number  of  exact 
elements/cells  at  the  end  of  experiment  to  a  number  of  exact  ones  in 
the  beginning  (V-9).  In  the  beginning  of  experiment  at  moment/torque 
t  from  the  elements/cells  with  t*0  remained  exact  NP(t),  at  the  end 
of  experiment  NP(t+r)  were  exact.  Then  efficiency  in  interval  of 
t-(t+r) 

NP  (t  +  t )/NP  (0  =*  «P  (—  X  ( t  +  x)l/  exp  (-  V)  -  exp  (-Xt)  -  P  (t), 

(V-12)  is  equal  to  efficiency  in  interval  of  t1-(tl+r). 

For  the  high  efficiency  in  the  interval  r  its  duration  must  be 
considerably  less  than  the  time  of  operating  time  r 
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P  (t)  =  exp  ( —  x(T j)  =  1  —  t/T,  {  for  t/T,  <£  1). 

It  is  repeated,  which  said  is  correct  only  under  exponential  law 
(A.,  =  const). 

The  structure  of  expressions  (V-17)  and  (V-18)  prompts  that 
during  the  calculation  of  efficiency  of  complicated  devices/equipment 
it  is  possible  to  calculate  unit-by-unit  efficiency,  and  after 
multiplying  the  obtained  results,  to  find  efficiency  of  system  as  a 
whole. 


IOC  =  83124802 


PAGE 


D 


npoM  (!) 

m 

nauKa  (3) 

ea 

flpueMHO - tjcumjme/ibHwe  nouns/  ($) 

0.1-10 

K/HJCmpOHht  4) 

■1 

PS 

MoiMHoie  paduonanob /  \£) 

h 

m 

mzmmpom  (£) 

a 

nonqnpoBodHUKOSbie  mpuodbt  (*J) 

0.02-1 

nocrnoaHHbie  gso/tbHb/e  conpomu6nem/a(t) 

0.01S-0.2S 

nocmowHue  npoSonooHtxe  oonpomu&noHUi (j 

m 

J0ft5-2 

BpMaxHbie  KondeHcamopbi  0o) 

0003 -OPS 

u 

CjmdnHbte  KondeHcamopDi  (it) 

_l 

0002-3,3 

_ 

KcpaMuveaiue  KOHdencamopbi  (12) 

|P 

TO 

m 

23| 

WM 

npoxodHt/e  nepoMW/ecnue  noHdeHcamopu 

m 

n-o< 

PnumpanumuoecKue  KOHdc/icamopbi  H) 

□ 

0.1-3 

uimencefibHbie  paoseMM  0£) 

n 

003 

ZL. 

I 

f 

rcs 

a.os-1 

Pene  07) 

008-6 

JmnmpodBuzamenu  u  cenbcunm  f/'#) 

□ 

z 

05-52 

m 

0.00 1  Oftl  01  I  10  too 

Fig.  V-3.  Rates  of  failures  of  circuit  elements  of  REA. 

Key:  (1).  Wire.  (2).  Soldering.  (3).  Receiver-amplifier  tubes.  (4). 
Klystrons.  (5).  Powerful/thick  radio  tubes.  (6).  Magnetrons.  (7).  The 
transistors.  (8).  Constant  carbon  resistors.  (9).  Constant  wire-wound 
resistors.  (10).  Paper  capacitors.  (11).  Mica  capacitors.  (12). 
Ceramic  capacitors.  (13).  Passage  ceramic  capacitors.  (14). 
Electrolytic  capacitors/condensers.  (15).  Plugs.  (16).  Transformers 
and  inductance  coil.  (17).  Relay.  (18).  Electric  motors  and  selsyns. 
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For  the  estimate  evaluations  it  is  possible  to  find  average/mean 
efficiency  of  one  transistor  (tube)  with  the  parts  (Sv-l)  connected 
with  it: 

Pt  (/)  -  exp  [-  <  (X,  +  5X,  +  5X,  +  2X.  4-  20Xa  ...)], 
where  X,.,  X,,  X*,  X,,  X„ —  rates  of  failures  of  transistors,  resistors, 
capacitors,  inductive  elements/cells  and  solderings  (Fig.  V-3). 

Let  us  recall  also  that  the  results  of  calculating  the 
efficiency,  as  any  probabilistic  calculation,  they  are  valid  only  on 
the  average  and  have  the  specific,  frequently  sufficiently  wide, 
confidence  intervals,  so  that  the  results  of  calculation  can 
considerably  differ  (due  to  the  dispersion  -  statistical  straggling) 
from  the  results,  obtained  in  one  or  the  other 
concrete/specif ic/actual  realization. 

SV-3.  Failures  of  elements  of  REA. 

The  rate  of  failures  of  elements/cells  of  REA  is  determined 
experimentally.  The  possibility  is  not  excluded  that  as  a  result  of 
the  more  complete  knowledge  of  physical  processes  it  will  be  possible 
to  calculate  the  reliability  of  elements/cells  of  REA  [19].  Failure 
rate  is  determined,  noting  the  time  of  failures  and  a  number  of 
refused  elements/cells  in  the  experienced/tested  group  of  the  N 
elements/cells,  computing  then  according  to  relationship/ ratio  (V-10) 


DOC  =  83124802 


PAGE 


value  X,(/).  For  the  construction  of  histograms  the  interval  of  time 
t-(t+dt)  should  be  selected  so  that  into  this  interval  several 
observed  events  would  fall,  but  not  very  large  so  as  not  to  distort 
(to  smooth)  distribution  curve.  The  total  number  of  tested  objects  N 
must  be  large,  which  will  make  possible  to  obtain  statistically 
reliable  results. 

Numerous  investigations  showed  that  under  normal  conditions  for 
the  majority  of  elements/cells  intensity  curve  of  the  random  failures 
(Fig.  V-4 )  has  three  fundamental  sections.  The  first  -  supplementing 
relatively  short-term  (50-100)  hours),  on  which  the  concealed/latent, 
relatively  gross  defects  of  production  and  initial  materials  are 
developed*  In  this  section  in  proportion  to  breakdown  of 
elements/cells  from  gross  defects  Xf  (7)  it  falls  to  the  nominal  value. 
In  the  second  section  -  normal  operation  -  by  duration  from  hundred 
to  tens  of  thousands  of  hours  X,  (/)  it  is  changed  little.  On  the  third 
-  wear  section  --X,(0  sharply  increases  due  to  the  aging,  the  wear  and 
the  fatigue  of  elements/cells . 
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Fig.  v-4 .  The  dependence  of  failure  rate  of  the  time:  1  -  break-in 
period;  2  -  period  of  normal  operation,  the  approximately/exemplar ily 
equal  to  life  r»  3  -  period  of  wear  failures. 

Page  87. 

Supplementing  section  can  be  excluded  by  aging/training  of  REA 
before  putting  to  use,  keeping  in  mind  its  short  duration. 
Aging/training  is  reduced  to  the  work  for  50-100  hours  under  the 
normal  or  rigid  conditions  in  order  to  come  to  light/detect/expose 
the  gross  defects  of  production  or  initial  materials  and  to  replace 
unreliable  elements/cells. 

Time  interval,  during  which  x,  (/)  is  not  changed  or  little  is 
changed,  is  called  life  of  element/cell.  Life  in  many  respects 
depends  on  operating  conditions,  load,  etc.  It  is  necessary  to 
emphasize  that  life  T is  not  connected  with  TZ9  -  by  the  mean  time  of 
failure-free  operation  (Fig.  V-4).  Depending  on  the  type  of 
element/cell  and  operating  conditions  fep  there  can  be  more  or  less  Tr 


I 
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For  the  radio  engineering  systems  the  mean  time  between  failures 
T.  -7&P  «  Trainee  7^ » 7*,  -  l/ g  A,/*,.  (V-  19a) 

If  service  life  of  REA  T  is  less  T„  then  X,  —  const  and  the 
calculation  of  efficiency  according  to  the  random  failures  can  be 
fulfilled,  using  the  exponential  law  (SV-2).  Should  be  focused 
attention  on  the  fact  that  7*,—  the  life,  determined  by 
increase/growth  (0.  does  not  correspond  certif  ied.'rating  life  T„  of 
circuit  elements,  determined  by  the  gradual  permissible  change  in  the 
parameters.  For  the  circuit  elements  usually  T„  <  Tt  or  even  Ta<£.T, 
(SV-4).  When  T  > T,  1,(0  +  const  (third  section  of  curve,  Fig.  V-4)  and 
exponential  decay  law  of  efficiency,  in  spite  of  its  simplicity,  it 
is  not  applied.  The  more  accurately  objective  parameters  of  the 
probability  density  of  efficiency  are  described  by  normal  law,  law  of 
Weibull  1  or  by  their  composition. 

FOOTNOTE  l.  Weibull 's  law  P  (*)  —  wp(— (where  o  and  X  -  the  parameters) 
with  a=l  passes  into  the  exponential.  ENDFOOTNOTE. 

Aging,  besides  an  increase  in  the  rate  of  failures  xf  (/),  leads  to 
the  change  in  the  parameters  of  elements/cells,  which  calls  gradual 
(parametric)  failures.  Let  us  emphasize  that  increase/growth  X,  (fl  and 
a  change  of  the  parameters  -  two  different  in  the  qeneral  case,  at 
least  outwardly,  not  mutually  connected  processes. 
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It  is  possible  with  more  or  smaller  success  to  forecast  the 
deterioration  failures  and  to  replace  the  aging  elements/cells.  For 
example,  during  the  routine  checks  it  is  possible  to  reveal/detect 
the  decrease  of  mutual  conductance  of  tube  during  the  aging.  During 
the  correctly  set  routine  checks  all  deterioration  failures  of 
elements/cells  virtually  can  be  forecast  and  avoided. 

Routine  checks  must  be  carried  out  in  the  rigid  mode/conditions 
in  order  to  come  to  light/detect/expose  the  aging  elements/cells, 
whose  parameters  approach  maximum  permissible.  If  elements/cells  are 
operational  in  the  rigid  modes/conditions,  then  it  is  possible  to 
expect  that  they  will  not  fail  before  the  following  routine  checks. 

Page  88. 

The  stiffening  of  mode/conditions  is  produced  from  the 
fundamental  parameters  of  this  element/cell.  For  example,  the 
lowered/ reduced  filament  voltage  decreases  the  fundamental  parameter 
of  tubes  -  mutual  conductance.  The  stiffening  of  mode/conditions  for 
some  circuit  elements  partially  permits  forecasting  the  random 
failures.  For  example,  the  probability  of  the  breakdown  of  capacitor 
with  the  worsened/ impaired  as  a  result  of  aging  of  dielectric  during 
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the  rigid  mode/conditions  (increased  voltage/stress)  increases  more 
than  in  exact  capacitor;  the  failure  probability  of  resistor  with  the 
worsened/ impaired  conducting  layer  at  the  increased  dissipated  power 
is  more  than  in  exact  resistor. 

To  establish/install  the  forecasting  parameters  and  the  rigid 
mode/conditions  is  complicated,  since*  incorrect  selection  can 
accelerate  aging  elements/cells,  and  this  in  turn,  their  reliability 
will  lower.  The  correctly  set  routine  checks  help  to  reduce  the 
number  of  the  deterioration  failures  and  to  somewhat  decrease  a 
quantity  of  the  random  failures.  Therefore  during  the  design  of  REA 
(SXII-I)  should  be  allowed  for  the  possibility  of  conducting  such 
tests  without  the  high  expenditure  of  time,  in  order  not  to  lower 
readiness  factor  (SV-1). 

The  confident  forecasting  of  the  random  failures  is  still 
impossible,  since  the  advancing/attacking  failure  outwardly  clearly 
is  not  developed,  but  if  precisely  this,  and  not  other  element/cell 
malfunctioned,  then  this,  obviously,  was  determined  by  some  reasons, 
which  we  yet  do  not  know  how  to  find.  The  search  for  the  parameters 
for  forecasting  the  sudden  and  deterioration  failures  is  one  of  the 
fundamental  tasks  in  the  region  of  reliability.  The  forecasting 
parameters  are  necessary  for  the  selection  of  the  elements/cells  of 
REA,  which  will  not  fail  during  the  assigned  period  and  during  the 
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operation  will  help  to  come  to  1  ight/dete.ct/expose  the  elements/cells 
losing  efficiency. 

Unfortunately,  the  forecasting  parameters  are  known  only  for  a 
small  number  of  elements/cells.  For  example,  in  the  production  of 
semiconductor  diodes  failures  forecast  on  the  increased 
slope/transconductance-  of  volt-ampere  characteristic. 

There  are  tubes  and  circuit  elements  of  the  increased 
reliability,  for  example  the  receiver-amplifier  tubes  of  series  E 
with  the  increased  life  -  with  respect  to  a  change  in  the  parameters 
-  (instead  of  500-5000  hours)  or  series  B  and  BB  with  the  increased 
reliability  -  in  1.5  and  2-3  times  with  smaller  failure  rate.  The 
tubes  of  series  BB  approximately/exemplarily  2-3  times,  and  series  B 
are  1.5-2  times  more  expensive  than  usual.  This  is  explained  by  the 
larger  labor  expense  of  production  and  checking,  i.e.,  by  the  more 
complete  and  stricter  checking  of  initial  materials,  manufactured 
parts  and  assemblies,  by  the  finish  of  technological 
operations/processes  and  so  forth  [32].  In  the  USA  there  are  five 
levels  of  the  reliability  of  the  circuit  elements,  used  in  REA,  with 
^.increased  into  13,  35,  400  and  4000  times,  and  by  the  sharply 
increasing  cost/value  in  comparison  with  the  market  elements  of 
overall  use/application. 
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By  the  character  of  curve  Xt  (/)  (Fig.  V-4)  it  is  possible  to  judge 
the  conditions  for  production  and  applying  the  elements/cells  of  REA. 
The  tightening  itself  supplementing  section  testifies  about  the  poor 
organization,  the  low  culture  of  production  and  checking  of  parts. 

The  prematurely  advancing/attacking  aging  (third  section)  testifies 
about  the  incorrect  mode/conditions  of  operation,  the  overloading, 
etc.  Aging,  fatigue  and  wear  to  a  considerable  degree  are  determined 
by  the  mode  of  operation  -  by  prolongedly  continuous,  short-term, 
cyclic,  etc.  The  most  complicated  conditions  -  during  the  cyclic 
mode/conditions  with  the  short  period  of  cycles,  since  working 
conditions  continuously  are  changed,  and  during  the  transient 
processes  are  possible  the  overloading  of  elements/cells.  Are 
dangerous  periodic  inclusions  and  disconnections  of  the 
incandescence/filament  of  electron  tubes  -  especially  powerful/thick, 
since  during  the  heating  the  linear  dimensions  of  the  parts  of  tube 
differently  are  changed,  which  causes  mechanical  overloadings. 
Therefore  with  the  short-term  breaks  incandescence/filament  is  better 
not  to  turn  of f/disconnect  -  this  will  increase  the  life  of  tubes; 
however  as  a  result  of  prolonged  inclusion/connection  of  REA  energy, 
etc  is  abraded,  aimlessly  is  expended/consumed.  Thus,  the  mean  time 
of  the  failure-free  operation  of  elements/cells  T'?  depends  on  the 
site  of  installation,  operating  conditions  and  applying  of  REA.  In 
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order  to  consider  the  conditions  of  applying  the  elements/cells  of 
REA  during  the  calculation  of  reliability  is  introduced  the  stiffness 
coefficient  of  operation  kM,  which  characterizes  a  change  in  mean  time 
7%p  in  comparison  with  the  laboratory  conditions  (Table  v-4). 


DOC  =  83124802 


PAGE  S3 


Fig.  V-5.  The  rate  of  failures  of  the  capacitors:  n,-  with  the  given 
load  n  to  temperature;  -  with  the  nominal  load  and  t=20°  C.  Broken 
lines  indicate  the  reference  grid  scale  change. 


Key:  (1).  Change  of  scale. 


Table  v-4 .  Stiffness  coefficient  of  operation. 
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Key:  (1).  Type  of  equipment.  (2).  Place  for  operation.  (3). 
radio-electronic.  (4).  electromechanical.  (5).  mechanical.  (6) 
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other.  (7).  Artificial  satellites.  (8).  Laboratory.  (9).  Test  bench. 
(10).  On  the  earth/ground  (field).  (11):  Ships.  (12).  Aircraft.  (13). 
Guided  missiles. 
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Rate  of  failures  MO  in  the  middle  section  of  characteristic 
(Fig.  V-4 )  depends  on  the  load  of  element/cell.  The  ratio  of  net  load 
to  the  nominal,  permitted  by  technical  specifications,  is  called  the 
factor  of  the  load  of  element/cell  *»•  For  example,  load  for  the 
capacitors  -  this  is  working  voltage/stress  (Fig.  V-5);  for  the 
electron  tubes  -  are  working  the  voltage/stress,  the  current  and  the 
power,  scattered  on  the  electrodes  (Fig.  V-6);  for  the  transistors  - 
power,  scattered  on  the  collector/receptacle  (Fig.  V-7,  a), 
voltage/stress  on  the  collector/receptacle  and  the  current  of 
emitter;  for  the  resistors  -  scattered  power  (Fig.  V-8),  etc.  With 
overloading  <*«  >  l)and  increase  in  ambient  temperature  sharply  it 
grows/rises.  Dropping  of  load  *,<1  and  decrease  of  temperature  leads 
to  incidence/drop  X,A<o. 

Let  us  examine  the  special  features/peculiarities  of  the 
failures  of  some  elements/cells  of  REA  [2,  40]  briefly.  Transistors 
and  semiconductor  diodes  (especially  germanium),  more  precise  p-n 
junctions  (Fig.  V-7,  b)  are  sensitive  to  an  increase  in  the 


1 


::: - 
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temperature  and,  therefore,  to  the  electrical  power,  scattered  on  the 
electrodes,  which  is  explained  by  the  possibility  of  the  onset  of 
avalanche-like  processes. 
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Pig.  V-6.  Rates  of  failures  of  electron  tubes. 
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Fig.  V-7.  Rate  of  failures  of  the  transistors:  a)  depending  on  the 

power,  scattered  on  the  collector/receptacle;  b)  from  the  ambient 

temperature . 


Key:  (1) .  Kn. 
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It  is  especially  thoroughly  necessary  to  monitor  thermal  condition 
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with  the  pulsating  load,  since  due  to  a  small  thermal  inertia  of  p-n 
junctions  instantaneous  overheating  is  feasible.  Because  of  small 
sizes/dimensions  semiconductor  devices  maintain/withstand  well  large 
mechanical  loads  into  ten  and  hundred  c  During  a  good  hermetic 
sealing/pressurization  of  housing  the  humidity  virtually  does  not 
affect  the  work  of  transistors.  The  radiation  exposure  (SI-5)  affect 
semiconductor  devices. 

Vacuum-tube  instruments  usually  the  most  unreliable 
elements/cells  of  REA  (table  V-2,  Fig.  V-3).  The  deterioration 
failures  of  electron  tubes  appear  as  a  result  of  the  loss  of  emission 
and  decrease  of  slope/transconductance,  the  random  failures  -  due  to 
the  burn-out  of  the  filament  of  preheating,  closing/shorting  or  break 
of  electrodes,  deterioration  in  vacuum,  etc.  Failure  rate  in 
magnetrons  and  high-power  tubes  is  especially  great.  Is  desirable 
voltage  regulation  of  feed,  especially  the  incandescence/filament  of 
tubes,  since  in  this  case  it  is  possible  to  establish/install 
filament  voltage  on  2-5%  lower  than  norm,  this  is  decreased, (Fig. 
V-9).  Is  necessary  the  checking  of  the  temperature  at  the  different 
points  of  the  tank/balloon  of  tube  -  permissible  on  the  certificate 
temperature  of  100-200°C,  since  at  a  higher  temperature  deterioration 
in  vacuum  due  to  the  spallation  of  glass  is  possible.  Vacuum-tube 
instruments  fear  mechanical  overloadings.  For  decreasing  the 
mechanical  overloadings  are  made  miniature  and  subminiature  tubes 
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(series  B,  etc. )  1 . 

FOOTNOTE  l.  From  the  course  the  "strength  of  materials"  is  known  that 
with  the  curvature  of  beam/gully  mechanical  stress  a=M/W,  where 
M=abh/ 1  -  bending  moment  of  the  beam/gully  of  rectangular  cross 
section  bxh  and  length  l  under  the  action  of  its  own  mass  a  -  the 
constant,  which  depends  on  the  density  of  material  of  beam/gully,  the 
applied  acceleration  and  anchorage  of  the  beam/gully;  W  -  moment  of 
resistance,  for  the  rectangular  cross  section  W=*bh2/6.  a=M/W=6a/ 2/h; 
with  the  proportional  decrease  of  linear  dimensions  q  times  a  under 
the  action  of  its  own  mass  of  beam/gully  also  decreases  q  times. 

END FOOTNOTE. 


The  intensity  of  the  random  failures  of  electron  tubes  is  more  than 
an  order  higher  than  the  semiconductor  instruments.  The  life  of 
electron  tubes  also  is  considerably  less  than  semiconductor  devices. 
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Fig.  V-8.  Rate  of  failures  of  nonwire  resistors. 


Key:  (1).  scale  change. 
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Winding  articles  reject  due  to  the  break  of  wires,  turn-to-turn 
faults,  breakdown  of  the  insulation  of  windings,  etc.  The  break  of 
wires  can  arise  as  a  result  of  a)  mechanical  stresses  due  to  the 
careless  coil/winding;  b)  the  poor  attachment,  which  leads  to  the 
repeated  bends  of  wires  with  the  agitation;  c)  corrosions  in  the 
humid  atmosphere  as  a  result  of  electrochemical  reaction.  For 
decreasing  the  electrochemical  corrosion  of  wires  in  the 
direct-current  circuits  it  is  necessary  that  the  windings  would  be 
electronegative  with  respect  to  the  surrounding  metallic 
objects/subjects  (Sill  — 7) .  By  control  gauges  for  the  orevention  of 
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the  failures  of  winding  articles  is  protection  from  the  effect  of 
humidity  and  mechanical  attachment  saturation,  by  covering  or  by 
hermetic  sealing/pressurization  (SVI-6).  An  increase  in  the 
temperature  leads  to  the  failures,  mainly,  due  to  a  deterioration  in 
the  insulating  properties  (SVI-4). 

The  failures  of  capacitors,  in  essence,  are  reduced  to  the 
breakdown  of  insulation,  less  often  -  to  break  or  to  the  loss  of 
qualitative  indices.  Humidity  little  affects  the  work  of  the 
hermetically  sealed  capacitors.  The  pressed  and  unsealed  capacitors, 
for  example  ceramic,  are  subjected  to  the  unfavorable  effect  of 
moisture  and  with  95-98%  of  humidity  are  unreliable.  Low  reliability 
is  characteristic  to  chemical  capacitors,  which  negatively  react  to 
the  insignificant  overheating  and  the  overloading. 

The  failures  of  nonwire  resistors,  in  essence,  are  reduced  to 

\ 

the  burn-out  of  conducting  layer,  the  disturbance/breakdown  of  the 
contact  between  the  conclusion/output  and  the  conducting  layer. 
Noticeable  changes  in  the  resistor/resistance  are  encountered  more 
rarely.  Tape/film  resistors  are  less  reliable  than  volumetric, 
especially  with  the  high  ratings  (more  than  0.5-1  M8) :  The  rate  of 
failures  of  the  nonwire  resistors  of  variable  resistance  is 
especially  high  due  to  the  disturbances/breakdowns  of  the  friction 
electrical  contact  sliding  contact  -  conducting  layer. 
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Fig.  V-9.  Rate  of  failures  of  electron  tubes  with  a  change  in  the 
filament  voltage. 
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SV-4.  Calculation  of  efficiency  according  to  the  sudden  wear  and 
deterioration  failures. 

Sudden  wear  failures  occur  in  the  third  section  of  the 
characteristic  of  rate  of  failures  (Fig.  V-4),  when  exponential  decay 
law  of  efficiency  is  not  applied  const  This  section,  as  is  shown 
experiment  it  more  correctly  represents  the  normal  law  of  density 
distribution  of  failure  probabilities: 

<?i  (0  -  (l/V7n<rr)  «P  l—  {t  —  (V-20) 

where  t  -  time;  M  -  the  average  life;  or?  -  dispersion  of  life. 
Efficiency  (Fig.  V-10) 
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Pi  (0  -  I-(  qtV)dt-j  qt(l)dt - 
=  (l//2HaT)J exp [-  (/  -  /M)*/2aJIdr.  (V-21) 

In  the  beginning  of  service  life  (Fig.  V-10)  there  are  no 
failures  virtually,  since  the  probability  of  values  of  random 
variable  with  the  normal  law  of  distribution  out  of  the  limits  of 
interval  6ar  is  less  than  0.03%  (SIV-2)  also  during  the  time 
0  —  (Af  —  3ot)  ailure  probability  to  0.15%.  An  increase  in  the  number  of 
failures  and  the  replacement  of  elements/cells  as  a  result  of  the 
wear  begins  when  t  >  M — 2ar  and  it  reaches  maximum  with  t=M. 

To  replace  elements/cells  is  possible  simultaneously  or 
gradually  in  proportion  to  failures.  During  the  simultaneous 
replacement  of  elements/cells,  for  example,  with  t=M,  on  the  average 
it  rejects  50%  of  elements/cells  (Fig.  V-10),  which  is  inadmissible, 
since  reliability  sharply  descends;  replacement  when  i  -  m -  3ff, 
decreases  the  failure  probability  to  0.15%;  however,  many  completely 
suitable  elements  will  be  prematurely  replaced,  but  this  is  not 
always  economically  expedient.  Is  the  less  crT  (more  precise  oT/iM)the 
less  the  relative  losses  due  to  the  exchange  of  exact  elements/cells 
and  the  more  advisable  their  simultaneous  replacement.  However, 
usually  for  the  elements/cells  of  REA  =» 0,15  —  0.25,  and  losses  are 

considerable. 
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The  optimum  order  of  the  replacement  of  the  worn  out 
elements/cells  is  determined  by  the  technical-economic  calculation 
according  to  one  or  the  other  criterion  (SX-2).  During  these 
calculations  it  is  necessary  to  remember  about  the  random  failures, 
which  exist  in  the  second  section  of  characteristic  (0  (Fig.  V-4), 
not  considered  by.  normal  law  (V-20).  Efficiency  in  the  case  of  the 
random  failures  of  real  devices/equipment  is  more  completely 
described  by  the  composition  of  the  exponential  and  normal  laws 


P  (0  =»  exp  (—  U)  (l/ylncgj  exp  (—  (x  —  Af)’/2a?j  dx.  (V-22) 
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Fig.  V-10 .  Normal  law  of  density  distribution  of  the  probabilities  of 
sudden  wear  failures. 


end  section. 


DOC  =  83124803 


PAGE 


Page  94. 

The  first  factor  is  essential  in  the  second  section  of  characteristic 
X,  (V), the  second  -  in  the  third  wear  section.  In  the  critical 
dev ices/ equipment  the  exchange  of  the  worn  out  elemenes,  for  which 
there  are  no  forecasting  parameters,  is  produced  simultaneously  under 
the  condition  of  aging/training  the  elements/cells  for  the  purpose  of 
the  decrease  of  the  supplementing  failures,  which  are  capable  to 
considerably  lower  the  effect  of  an  increase  in  the  reliability  with 
the  simultaneous  exchange  of  the  worn  out  elements/cells. 

It  is  necessary  to  make  some  observation,  which  relate  to  the 
circuit  elements.  Electron  tubes  or  voltaic  batteries  are  usually  the 
mass  abraded  circuit  elements.  Remaining  circuit  elements,  as  a  rule, 
longer-lasting  and  many  times  exceed  the  period  of  action  of  REA  as  a 
whole.  Experience  of  operating  electron-tube  devices/equipment  (for 
example,  ETsVM  [digital  computer])  shows  that  the  post  of  the 
intensity  of  the  random  failures  of  electron  tubes  begins 
considerably  later  than  their  parameters  they  exceed  the  permissible 
by  the  deterioration  failures  limits.  Therefore  tubes  will  be 
replaced  during  the  routine  checks,  which  warn  the  deterioration 
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failures,  i.e.,  it  is  earlier  than  wear  failures  will  be  begun.  The 
same  it  is  possible  to  speak  also  about  voltaic  batteries.  Therefore 
the  simultaneous  replacement  of  mass  circuit  elements  not  in  all 
cases  is  justified.  After  the  specific  period  the  exchange  of  the 
electromechanical  elements/cells,  in  which  the  fatigue  or  wear  are 
possible,  is  completely  substantiated.  However,  for  this  REA  it  is 
not  very  substantial,  since  such  elements/cells  are  many.  That 
presented  is  confirmed  contemporary  by  the  practice  of  reliability  of 
REA  -  attention  is  fundamentally  paid  to  the  gradual  (parametric) 
failures,  which  are  forecast  satisfactorily.  Thus,  in  the  majority  of 
the  cases  let  us  allow  the  calculation  of  the  random  failures  of  REA 
without  taking  into  account  the  wear  of  circuit  elements. 

Difference  in  density  distribution  of  the  probabilities  of 
sudden  and  sudden  wear  failures  during  the  gradual  replacement  of  the 
worn  elements/cells  is  developed  only  with  the  duration  of  the  total 
operation  of  REA,  the  smaller  several  average  lives  of  these 
elements/cells  (Fig.  V-ll).  The  smoothing  of  the  curve  of  density 
distribution  of  failure  probabilities  in  the  course  of  time  is 
explained  by  the  fact  that  the  elements/cells  begin  to  work  not 
simultaneously,  but  in  proportion  to  the  replacement  of  the  refused 
elements/cells,  in  this  case  the  dispersion  of  their  life  stores/adds 
up  to  the  dispersion  of  the  beginning  of  work.  After  several 

exchanges  of  the  refused  elements/cells  the  intensity  of  wear 

failures  is  averaged,  »  i/m  —const  and  the  calculation  of  efficiency 

can  be  made,  using  the  exponential  law  (SV-2). 
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Fig.  V-ll.  Failure  rate  upon  the  gradual  exchange  of  the  worn 
elements/cells . 

Page  95. 

However,  efficiency  of  REA  in  this  case  decreases,  since  the  averaged 
intensity  of  sudden  wear  failures  is  higher  than  the  intensity  of 
wear  failures  in  the  second  section  of  curve  ^ 

Upon  the  simultaneous  exchange  of  the  worn  out  elements/cells, 
for  example  into  moment/torque  t  =  M — 3cT  or  previously  intensity  of 
the  random  failures  it  decreases,  since  wear  random  failures  are 
eliminated  and  remain  only  usual,  characteristic  for  the  second 
section  of  curve  \  (0,  but,  as  noted,  in  this  case  are  changed 
completely  exact  elements/cells. 

Two  methods  of  calculation  of  reliability  according  to  the 
deterioration  failures  are  applied:  the  first  -  is  similar/such  to 
the  calculation  of  reliability  according  to  the  random  failures,  only 


i 
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failure  rate  in  this  case  considers  sudden  and  deterioration 
failures;  the  second  -  is  reduced  to  the  determination  of  the 
conditions,  under  which  slow  changes  in  the  parameters  of 
elements/cells  due  to  the  aging  or  wear  do  not  exceed  those  permitted 
for  this  diagram. 

During  the  calculation  according  to  first  method  (V-18)  instead 
of  X,(/)  they  substitute  the  intensity  of  gradual  (gradual  and  sudden) 
f ailures  (0-  This  method  is  in  principle  incorrect,  since  the  basis 

of  the  calculated  methods  of  the  evaluation/estimate  of  the 
reliability  of  complicated  devices/equipment  is  the  rate  of  failures 
of  an  element/cell  of  this  type,  which  does  not  depend  on  the 
concrete/specific/actual  diagram,  in  which  it  is  used,  when  the 
factor  of  the  load,  the  operating  mode  and  so  forth  are  taken  into 
consideration.  Meanwhile  failure  due  to  slow  changes  of  the 
parameters  in  many  respects  depends  on  the  schematic  of 
device/equipment.  If  diagram  is  weakly  critical  to  a  change  in  the 
parameters  of  elements/cells,  entering  the  generalized  dimensional 
circuit  (SlV-l,  IV-6) ,  then  equipment  does  not  reject  even  with  the 
large  divergences  of  the  parameters  from  the  rating;  in  the 
susceptible  diagrams  is  feasible  the  failure,  also,  with  small 
divergences  of  the  parameters.  Therefore  the  intensity  of  the 
deterioration  failures  of  elements/cells  Xf„(0  in  each  diagram  must  be 
determined  experimentally.  Consequently,  this  calculation  is  deprived 
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of  sense. 

In  Chapter  IV  was  discussed  a  question  about  field  distribution 
of  the  allowable  divergences  of  the  parameters  of  elements/cells  <5 1  of 
components-,  determined  by  climatic  and  mechanical  ef  f ects  5**  and 
production  spreads  -  series  capability  of  REA  C  and  aging  (wear)  <l.r. 
Without  examining  the  optimum  conditions  for  division  (Chapter  X) 
into  the  components,  let  us  suppose  that  separation  carried  out  and 
into  aging  of  the  parameters  of  each  element/cell  is  isolated 
interval a(cT.  Then  the  calculation  of  the  deterioration  failures  is  not 
complex,  although  labor-consuming. 

For  the  evaluation/estimate  of  efficiency  of  REA  according  to 
the  deterioration  failures  it  is  necessary  to  know  the 
characteristics  of  the  coefficients  of  aging  elements/cells. 

\ 

At  present  they  are  determined  experimentally  (SIV-2);  in  TU 
they  usually  give  only  permissible  changes  in  the  parameters  to  the 
elements/cells  or  nodes  of  REA  during  the  assigned  period.  For 
example,  in  resistors  of  the  type  MLT  in  2000  hours  a  change  in  the 
resistor/resistance  must  not  exceed  4%. 
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With  the  limited  information  they  accept  the  uniform  law  of  a  change 
of  the  parameters  with  time  and  the  normal  law  of  the  distribution  of 
the  value  of  the  coefficient  of  aging  within  the  limits  of  its 
tolerance  range.  Then  it  is  possible  to  find  the  coefficient  of  aging 
=>  Pico  +  P<cjt.  where  ptep  -  average/mean  value  of  a  change  of  the 
parameter  in  the  time  (per  hour),  and  Pie*  -  root  from  the  dispersion 
of  the  coefficient  of  aging,  equal  at  the  normal  law  of  the 
distribution  1/6=0.17  of  the  tolerance  range.  The  information  about 
the  coefficients  of  aging  some  elements/cells  is  given  in  Table  V-5. 

After  using  formulas  (IV-8)  (IV-9)  for  the  addition  of  regular 
and  probable  deviations,  it  is  possible  to  find  Pj,  the  coefficient  of 
aging  the  determining  parameter  A.  The  divergence  of  the  determining 
parameter  A  (average/mean  value  and  dispersion)  for  time  T  due  to  the 
aging  can  be  found,  after  multiplying  P,,  by  T,  since  the  uniform  law 
of  a  change  in  the  parameters  was  accepted.  For  the  efficiency  REA 
with  respect  to  the  deterioration  failures  the  component  of  the 
standard  deviation  of  the  determining  parameter  A  on  aging  6CT^  must  be 
less  than  its  change  (aging)  for  time  T  i . e .  P*7"  <  If  condition 
P,!7*  <  is  not  satisfied,  is  necessary  either  to  increase  after 
redistributing  the  general/common/total  standard  deviation  of 
determining  parameter  A  —  Asm  between  the  components,  or  to  decrease 
P^.  after  selecting  the  best  elements/cells  with  smaller  p(,  or  to  use 
(to  develop)  another  noncritical  at  gate  construction/design  (SV-5) 
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with  large  firk¬ 
in  conclusion  let  us  emphasize  that  the  calculation  of 
efficiency  of  REA  according  to  the  deterioration  failures,  in  the 
essence,  is  reduced  to  the  determination  of  the  noncriticality  of 
diagrams  and  conr truct ion/des ign  with  a  change  in  the  parameters  of 
elements/cells  and  the  optimum  distribution  of  the  total  standard 
deviations  between  the  components. 

SV-5.  Noncriticality  of  diagrams. 


The  values  of  the  standard  deviations  of  the  parameters  from  the 
nominal  values,  at  which  still  remains  operable  of  diagrams  and 
constructions/designs,  characterize  their  noncriticality. 
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Table  V-5.  Coefficients  of  aging  circuit  elements. 


Cpon^Biy  k6u. 

0fcp 

Pc3HCTOpu  HenpomvJoiHhie  MJTT®.  . 

KoRtttMca  Topu  THna  BTM&} . 

SjieKTpoHHue  naunuQit . 

3/ieKTpoRHue  -laMnu  cepHH  fCfcJ.  .  .  . 

IOOCO 

1000 

500—1000 

5000 

0 

0 

10  * 

2- 10— 5 

0.6-  JO — 3 
0.3- 10“ * 
0,3-  !0“* 
O.S-  IQ-5 

Key:  (1).  Designation.  (2).  Service  life,  hour.  (3).  Resistors 
nonwire  MLT .  (4).  Capacitors/condensers  of  the  type  BGM .  (5). 

Electron  tubes.  (6).  The  electron  tubes  of  series  E. 

Page  97. 

The  greater  the  standard  deviations  of  the  parameters,  the  more 
reliably  and  more  stably  REA  works. 

For  developing  the  noncritical  diagrams  it  is  possible  (Chapter 
X)  to  recommend  the  method  of  successive  approximations  or  the  method 
of  synthesis,  through  the  analysis  of  the  preliminarily  proposed 
versions.  Developer  on  the  basis  of  preliminary  analytical  or 
experimental  research  on  the  schemes  (constructions/designs), 
proposed  on  the  base  of  existing  or  on  the  base  new  ideas,  gives 
preliminary  mathematical  description  of  the  diagrams  -  first 
approximation  being  investigated.  Investigations  permit  refining. 
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what  parameters  can  be  disregarded/neglected,  what  orders  of 
magnitude  are  possible,  what  spurious  coupling  are  essential  and  the 
like.  Initial  versions  further  taking  into  account  corrections  finish 
-  are  made  the  second  approximation/approach,  etc.  To  compare  the 
versions  in  question  is  possible  experimentally  or  analytically. 

The  experimental  studies  of  the  noncriticali.ty  of  diagrams  and 
devices/equipment  for  the  selection  of  the  optimum  values  of  the 
parameters  are  called  marginal  testing.  For  conducting  the  marginal 
testing  is  selected  the  determining  parameter,  for  example,  for  the 
self-excited  generator  -  frequency  stability  or  amplitude  of 
oscillations,  for  the  flip-flop  -  overbanking  of  one  position  of 
stable  equilibrium  into  another  by  the  standardized/normalized 
trigger  pulse.  Further  they  plan,  the  divergences  of  what  circuit 
parameters  must  be  found  at  the  given  conditions  and  a  change  in 
other  parameters.  The  results  of  investigations  will  be  plotted  (Fig. 
V-12) .  Point  A  corresponds  to  the  nominal  value  of  tested  parameter 
Rmm.in  this  case  the  diagram  ceases  normal  functioning  in 
voltage/stress  <  (/„*;  point  r  corresponds  to  an  increase  in  the 
tested  parameter  R  by  10%,  in  this  case  the  diagram  functions  to 
voltage/stress  Uj<Uj  and  so  on,  until  entire/all  curve,  which  limits 
the  shaded  region  of  stable  operation,  is  plotted/applied.  The 
results  of  marginal  testing  of  some  parameters  of  circuit  R  at  a 
change  in  others  help  to  select  the  optimum  parameters.  For  example, 
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from  Fig.  V-12  it  is  evident  that  the  nominal  value  of  the  tested 
parameter  R  should  be  increased  by  10%.  This  will  raise  the 
noncriticality  of  diagram.  For  the  more  precision  determination  of 
the  optimum  parameters  under  working  conditions  the  marginal  testing 
must  be  carried  out  at  the  different  levels  of  external  agencies,  for 
example  temperature,  humidity. 
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Fig.  V-12 .  Diagram  of  marginal  testing. 

Page  98. 


Conducting  marginal  testing  -  work  labor-consuming;  therefore  it 
is  technical-economicly  expedient  to  carry  out  marginal  testing  of 
the  standard  blocks  (modul i /modules ) ,  published  by  the  large-quantity 
printings  (SII-5). 

Labor-consuming  marginal  testing  can  be  replaced  with 
calculations  by  ETsVM.  For  this  in  analytical  dependence  (iv-l), 
which  connects  the  determining  parameter  of  circuit  A  with  the 
parameters  of  elements/cells  o,,A  =*yp(ax,a%, ....  a(, they  substitute  the 
value  of  parameters  a,  and  they  calculate  the  determining  parameter  A. 
Calculation  (simulation)  can  be  fulfilled  by  two  methods:  regular, 
substituting  the  boundary  values  of  parameters  a,;  to  statistical  ones 
(by  Monte  Carlo  method),  substituting  the  random  values  of  parameters 
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--selected  in  accordance  with  the  statistical  laws  of  the 
distribution  of  the  parameters  (SIV-2).  The  random  values  of 
parameters  a,  are  developed  by  random-number  transducers  with 
statistical  characteristics  fa,  D  fa),  the  law  of  distribution) ,  by  the 
determined  parameters  of  elements/cells  a,.  being  simulated, 

Calculations-simulation  -  give  objectively  correct,  appropriate 
to  actual  conditions,  result,  if  analytical  expression 

A  =•  \|>  fa,  a, . a, . cQ  correctly  reflects  physical  processes  in  the 

diagram,  i.e.,  if  they  are  taken  into  consideration  all  fundamental 
and  parasitic  parameters,  and  the  statistical  characteristics  of  the 
parameters  of  elements/cells  encompass  the  given  ones  -  production 
spread,  the  effect  of  climatic  factors,  aging,  etc. 

Let  us  give  some  considerations  on  the  creation  of  noncritical 
diagrams.  Diagrams  (device/equipment)  are  simple  and  complicated? 
single-function  and  multifunctional  l;  theoretically  precise  and 
approximate  approximating  (SIV-6). 

FOOTNOTE  *.  With  the  fulfillment  of  identical  functions  simple 
diagram  has  a  smaller  (minimum)  number  of  elements/cells,  compound 
circuit  contains  more  than  elements/cells.  Multifunctional 
instrument,  device/equipment ,  simultaneously  or  consistently  make 
several  functions,  for  example,  dual-amplifications  circuit  of 
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receivers,  transceiver  diagrams  of  transceivers,  etc.  ENDFOOTNOTE. 

In  the  first  examination  it  seems  that  efficiency  must  decrease 
with  an  increase  in  the  quantity  of  elements/cells,  which 
characterize  the  complexity  of  diagram.  However,  after  detailed, 
careful  analysis  this  categorical  confirmation  is  imprecise. 
Actually/really,  efficiency  on  random  failures  (V-18)  is  determined 
not  only  by  a  number  of  elements/cells  n,  but  also  by  the  rate  of 
failures  X,,  that  depends  on  mode/conditions  and  conditions  of  applying 
the  elements/cells.  Let  us  give  the  simplest  example  (Fig.  V-13). 
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Fig-  V-13.  Schematic  of  transistor  filter  with  the  shielding 
stabilitron  tube  KS. 

Page  99. 

In  the  transistor  filters  of  power  supplies  "excess"  silicon 
stabilitron  tube  KS  and  limiting  resistor  Ra rP.  shielding  the 
controlling  transistor  T>  from  the  overloading,  increase  a  quantity 
of  parts,  but  they  considerably  raise  efficiency  of  diagram. 

Compound  circuits  with  a  large  number  of  elements/cells  can  have 
the  lowered/ reduced  efficiency  on  the  random  failures;  however, 
because  of  the  noncriticality  efficiency  on  the  deterioration 
failures  and  general/common/total  efficiency  can  be  considerably 
higher  than  in  simple  diagrams  with  a  small  number  of  elements/cells. 

The  multifunctional  diagrams  of  construction/design  are  more 
susceptible  to  a  change  in  the  parameters,  because  the  parameters  of 
elements/cells  in  such  diagrams  are  usually  selected  compromise 
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between  the  contradictory  conditions,  necessary  for  fulfilling  the 
separate  functions.  In  connection  with  this  the  standard  deviations 
of  the  parameters,  which  do  not  disrupt  not  one  of  the  functions  of 
diagram,  are  insignificant  and  efficiency  on  the  deterioration 
failures  of  such  diagrams  is  small. 

However,  one  ought  not  this  to  consider  as  recommendation  to  the 
excessive  complication  of  construction/design  or  diagram,  although 
the  reasonable  redundancy  -  complication  -  diagrams  and 
construction/design  of  REA  raises  efficiency  on  the  deterioration 
failures,  just  as  the  introduction  to  redundancy  during  the 
transmission  of  information  raises  the  interference  shielding  of  the 
communication  channel.  Diagrams  with  the  compensation  for 
divergences,  the  rigid  installation  of  the  determining  parameters, 
the  automatic  control  of  the  parameters,  the  feedback,  etc  can  serve 
the  aforesaid  as  illustration. 

An  example  of  diagrams  with  the  severe  limitation  of  the 
parameters  can  be  self-excited  oscillators  with  clamping  diode  (Fig. 
V-l4) ,  multivibrators  or  flip-flops  with  those  limiting  -  fixing 
diodes,  etc.  In  the  self-excited  oscillator  the  amplitude  of 
oscillations  cannot  increase  to  the  level,  greater  than  Uon»  since  it 
is  steeply  limited  to  the  diode  OD,  to  "supported"  voltage/stress 
This  decreases  the  level  of  grid  excitation,  and  the  total  conduction 
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angle  is  small,  since  edge  stress  does  not  manage  increase;  therefore 
harmonic  distortions  are  small. 

To  the  weakly  critical  diagrams  with  the  more  stable  oscillatory 
period  can  be  attributed  multivibrators  with  the  positive  grid  - 
positive  or  negative  base  for  the  transistors  with  respect  to  n-p-n 
or  p-n-p  ones. 

Diagrams  with  the  automatic  control  of  the  determining  parameter 
are  complicated;  however,  they  are  reliable  with  respect  to  the 
deterioration  failures. 
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Fig.  V-14.  Diagram  of  self-excited  oscillator  with  clamping  diode  OD. 

Page  100. 

Diagrams  with  the  automatic  control  can  be  made  noncritical  over  a 
wide  range  of  a  change  in  the  parameters  of  elements/cells  a„ 
eliminating  the  divergences  of  the  supporting/reference 
elements/cells,  whose  number  is  small.  Noncritical  diagrams  with  the 
automatic  control  of  power  output,  frequency,  sensitivity  and  so 
forth  are  complicated;  however,  their  use/application  in  the 
equipment  with  the  high  requirements  for  the  reliability  is 
completely  justified. 

Can  be  attributed  diagrams  with  automatic  control  and  limitation 
of  the  determining  parameter  A  to  a  broader  class  of 
devices/equipment  and  diagrams,  whose  stability  is  determined  by  the 
passive  linear  elements/cells  (resistors,  capacitors/condensers, 
etc.);  usually  more  resistant  to  any  effects,  than  active  nonlinear 
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elements/cells  (transistors,  electron  tubes,  etc.);  for  example,  the 
diagram  of  the  piecewise-1 inear  approximation  of  functions.  In  such 
diagrams  of  the  characteristic  of  nonlinear  elements/cells  is  not 
exerted  a  substantial  influence  on  the  functioning  of 
devices/equipment,  since  the  nonlinear  elements/cells  are  connected 
together  with  the  linear,  high-stability  elements/cells.  The  role  of 
nonlinear  elements/cells  is  reduced  to  the  switching  -  the 
transmission  of  current  in  one  direction. 

To  the  diagrams,  whose  noncriticality  is  determined  by  passive 

elements/cells,  relate  negative-feedback  circuits.  The  amplifier  gain 

with  the  negative  feedback 

Ko.  -  Kl(\  +  *P)  =■  I/0//C  +  P)  *  1/p,  (V-23) 

where  K/3>>1 ,  K  -  amplification  factor  without  the  feedback;  /3  - 

amount  of  feedback.  Relative  change  in  the  determining  parameter  - 
(IV-8): 

A/C«//C«  *  (1//C«  ((<3/C«/<3/0  A/C  4-  (3/Coc/^p)  Ap]  =  ' 

-  (l//Coe)  (A/C/(  l//c  4-  P)'  /c*  -  AP/U//C  +  P)*l  « 

« (A K/K)  [  1  /{ 1+  p/01  +  AP/P.  ( V-24) 

With  K0>>1 ,  A/Coe//Coe  is  determined,  mainly,  by  the  passive  linear 
element/cell  £,  which  can  be  made  sufficiently  to  stable  ones  (for 
example,  from  the  wire  resistors),  since  with  the  the  large  l+K/3  even 
any  changes  K  little  affect.  In  the  contemporary  sensitive  analog 
voltmeters  and  the  ammeters  of  class  0.5  electron-tube  and  transistor 
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amplifiers  without  the  installation  of  amplification  in  the  process 
of  operation  are  applied;  in  the  digital  voltmeters  the  accuracy 
still  above  -  in  the  limits  of  one  hundredths  of  a  percent;  therefore 
the  instability  of  amplifiers  must  be  above  approximately/exemplarily 
by  an  order  -10'J-10**.  In  order  to  obtain  AKoJKx  =  iQ^bK/K  (A0-*O), 
assuming/setting  Kx  —  I03  1/0,  it  is  necessary  that  K./3-10  3  (K=10  ‘ )  ,  and 

amplifier  is  considerably  more  complicated  K/Kx  =>  10*. 

On  the  basis  of  that  outlined  above,  one  ought  not  to  assert 
that  the  simple  diagram  is  more  operational  complicated.  With  the 
reasonable  fulfillment  of  diagram  and  the  constructions/designs, 
which  are  determining  the  parameters,  in  essence  depend  only  on  the 
stability  of  linear  passive  elements/cells. 

Page  101. 


Let  us  point  out  also  to  other  specific  methods  of  the  creation 
of  noncritical  diagrams,  for  example  modulation  measuring  circuits, 
in  which  the  susceptible  devices/equipment,  which  work  at  the  very 
low  frequencies,  replace  by  less  susceptible  ones.  For  example,  the 
dc  amplifiers,  subjected  to  zero  drift  by  use/application  of  a 
modulator,  that  crushes  process  with  it  is  necessary  the  frequency, 
they  replace  by  the  amplifiers  of  alternating  current. 


1 
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In  conclusion  it  is  expedient  to  compare  efficiency  of  analog 
and  discrete/digital  units  with  the  binary  code.  Solution  of  the 
majority  of  technical  problems  by  the  analog  possible  and 
discrete/digital  methods,  with  the  analog  methods  in  the  diagrams  it 
is  considerably  less  than  eiements/cells ,  but  the  allowable 
divergences  of  their  parameters  (without  the  use/application  of 
special  measures)  are  small.  This  decreases  efficiency  of 
devices/equipment  on  the  deterioration  failures.  Discrete/digital 
devices/equipment  with  the  binary  code  have  only  two  steady  states. 
The  operating  mode  "yes-no"  is  most  appropriate  to  active 

elements/cells,  since  during  the  aging  a  change  in  the  parameters 

% 

within  sufficiently  wide  limits  does  not  affect  steady  states.  The 
majorities  of  impulse  circuits  -  flip-flops,  the  coincidence  circuits 
and  so  forth  work  precisely  under  these  conditions;  therefore  they 
possess  high  efficiency  on  the  deterioration  failures.  The  value  of 

discrete/digital  methods  increased  in  connection  with  the  creation  of 

\ 

the  microminiature  integrated  circuits,  which  are  applied  in  the 
pulsers  (Chapter  IX). 

For  serviced  REA  of  prolonged  action,  of  which  high  accuracy  is 
required,  it  is  expedient  to  apply  discrete/digital  methods.  With' 
this  REA  is  resistant  to  the  deterioration  failures,  since  it  is 
possible  to  provide  the  routine  checks  (serviced  equipment)  for  the 
development/detection  and  the  replacements  of  the  aging 
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elements/cells  or  nodes.  Reliability  on  the  random  failures  of  the 
complicated  devices/equipment,  in  particular  discrete/digital,  they 
raise  by  redundancy  (SV-6). 

For  the  unattended  equipment  for  one-shot  action  in  the  simplest 
cases  it  is  possible  to  recommend  analog  units,  more  operational 
(less  than  elements/cells)  on  the  random  failures,  than 
discrete/digital.  The  spread  failures  are  less  essential,  since 
equipment  -  one-shot  action  works  brief  time. 

In  all  cases  it  is  expediently  reasonable  to  combine  analog  and 
discrete/dig ital  methods. 

SV-6.  Ways  of  increasing  the  reliability. 

The  factors,  which  affect  reliability,  conditionally  can  be 
divided  into  two  interdependent/interconnected  groups  -  given  ones  by 
user  (client)  and  selected  by  producer. 

Reliability  of  REA  on  the  gradual  and  random  failures  is 
determined  by  many  factors  (Table  V-6). 
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Table  V-6.  Factors,  which  affect  reliability  and  life 


radio-electronic  equipment. 


0d 


3u*>nca  r»rp«6irre*a)  (umsiniun) 


1. 

2. 


i 

4. 

5. 

6. 

7. 

8. 


9. 

10. 


H33H3‘ienHe  (rafiapHTM,  Hacca) 

TexHHvecxHe  TpefioMHHH  (TOMHocTb,  6bicTpoaeAcT8xe,  xyBCTBRTeJibHocn., 
aHanaaoH  oacTOT,  MouuocTb,  arotaMHiecxHA  OHanaaoH.  xaxecTBeHHue  no- 
KaaaTtan  h  t.  x) 

KaaancpHKaaHx  o6crry*HBaionsero  h  3Kcn.TyaTnpyiotnero  nepcoRa/ia 

THpa*  (o<5mHA  h  roiowjfl  Bbirrycx) 

Tpedyewafi  jcmroBeMHocrh  (TtxHHxecKHft  pecypc).  xapaxTen  a  xiHie-itHoc-n. 
HenpepbiOHOfl  paSoTbi 

ycjiosHa  h  flaxTBJtbHocTb  xpaHeHHs.  TpaHcnoptHponxa 

rioTepH  tips  aeHcnpaaHOCTH  B3-3a  npocToea  a  boimo*hoS  rxSean  xuy- 
uieCTsa 

ycnoBXB  aRcruiyaTaoHH:  - 

TeMnepaTypa  acaayxa  Ha  noaepxHocTH  ycrpoAcTsa  (npeawnaxe  acjnnmw. 
aJiHTMbHOCTb  ao3ttertCTBHft,  aMtunrryaa  soneCaHHS,  cxopocrb  icjMeHeHHA, 
aHXJiKBHocTi,);  BJiawHocTb  soaayxa  fnpeae/ibrae  seJimHHbi.  aJiRTe/n,- 
xocTb  BoaaeflcTBHft,  axK^HBHocn,);  3arpx3HeKHe  Boaayxa;  aucoTa  n«a 
ypoBHCM  Mopn  (yMeHbUieHHe  pacceoHHH  rmaa,  noBbHjjeHHwi  hbhoc  Tpy- 
oxhxch  xacreA,  HHTeHCHBHOcn.  aeAcTBHR  ym>Tpa<pH<vieTOBoro  n34yBeHHR, 
ywcKbUiCHHC  aaeKTpHxecKoft  npovHOCTH  BC3flyxa);  aoja  (Mopcxax  boaa, 
HHeA,  poca);  caflne>man  h  ap.  paaHanHR;  nepxoa  roaa  (KJiHMaTKRecxaR 
oacraHoaxa.  pe3xocn>  h3mbhchhr  h  aJiHTtvibHocTb  x.tHMaTHnecKKx  soa- 
aeACTBHA);  eHoncx-HBecxHe  (Jjaxropu  (rpHCxoabie  MHxpoopraHH3MU,  Hace- 
xoMue  h  MMK«e  JKHBOTHue  —  rptuyHbi);  nbLib,  necox  (ycn/iennai«  xoppo- 
3hb,  cpeaa  juio  MHxpoopraHH3MOB)  . 

Me.TaHH«ec*aB  Harpyaxa  (BeTpoaas  h  t.  a-) 

Via pu  h  BHfipaaHR  npn  axcnayaTauHH  h  nepeBoaxax 


n.  nr 

( f ')  OrrpeBe^i«iorta«  n»r<rro«irrejicM 

i. 

TexHHKO-aKOHOMHBecxaR  KBa/ratpiixauxa  paapafioTRHxoo  (ypoeem.  3HaHxA  h 
onhiT) 

Co3H3Hxe  BawHocTH  3aaax  (yponera>  socnHiaieabHOA  pafioru) 

2. 

3. 

CncTaMaTHaanHR  onura  sxcnayaTauHK.  y^eT  ipefioBaHmi  rexHHxecxoA  mrH- 
xc«tiH3HoaorHH  (yaoCcTao  axcnayaTauxH  x  TtXHHMecxoro  oGcayxcHsaHHH) 

4. 

fTpHMftHeHHe  MeTOfloa  ontHMa^bHoro  TexHHKo-3KOHOMKMecKoro  rrpoeK-nipoba- 
FfKfl  no  KpHTBpHflM 

5. 

OrHOiueHHe  aaMHHMCTpauxx  x  c.iywfie  Haaex<HOCTH  h  koxtp(wtkj  xaxecTM 

6. 

Bxa  npoH3 BoacTxa  —  Maccoaoe.  cepnAHoe,  HnaH8naya.uHoe 

7, 

yHixJjHxauM!',  HopMaaHaaaxa  h  CTaHaapTH3aaHR  b  ipaH3soacTBe 
ripHMBHBHHB  voayabHoro  ($yHxuxoHavniHO-6aoxHoro)  rrpoH3BoaCToa 
npHMBHexxe  anpotfHpoBauxbix  cxbm  h  KOHCTpyKtwA 

8. 

HexpHTHSHOCTb  CXeM  H  KOHCTpyxUHft  (CepHfixOCnOCoCHOCTb,  yCTOUMHHOCTV  K 
KaHMBTH'fCCKHM  H  MBXaKHXBCKXM  S03fleACTPH>.M,  CTapBHHX)  H  H3HOCV) 

9. 

ripocTOTi  aoTHBecxoA  cxewu  H  KOHcrpyxuxx 

KoaxaecTao  (npocron  QymauiS,  ttmoAHxeMUX  oraeatHUMH  Caoxaam  cxe- 
MM  (xOBCTpyxHHH) 

I  ! 
t  | 


Nt 
n.  a. 

10. 

Ko.-nreecTBo  a  Tpe6y «mub  torhoctb  jJteM*HToa  cxeuu  *  KOHCTpymum  xna 
peajituaomi  npan*TWX  peuiexHA.  BoaaoxiaocTk  KOMneHCau«H  aortycxoa 
pery-ixposnoA 

11. 

fTpHHxTue  laaacu  (Kos^miHCHTu  Harpy  ikh|.  Yc-toshs  axnaxtaeKaa 

12. 

ripMHRTUe  Mepu  X.1H  ynpOUltHH*  ,ipO<pHJ13KTHKH,  nporHOSHpytOOlefl  OTUSU. 
PeMOHTonpiiroaHocrb.  npt<Men«HHe  RCTpoewHoro  ;-.ohtpojim. 

BerWIHHa  KOXtupHUHCHTa  TOTOBHOCTH 

.  ia 

Giocofiu  h  KpaiHOcn.  pe3*pBnpoBaHnn  Sjiokob  a  annapaTypu  b  uenoi* 

14. 

<&H3HKO-XHMHaecKxe  cBoiicraa.  how? HxviaTypa  irpmeuaeuiax  uanpaajtoe 
a  xoMrueKTyioinHj:  hsacjihA,  hx  ctohmocti. 

IS. 

TeXKHKO-3KOHOWHMCCXail  OftTHWaJIbHOCTb,  ypOMHH  H  OCBOCHMe  Tpe<5yeMOfl 

T^XHO/IOTHH 

16. 

ypoeeHb  (cy.u.rypw  npoHPBoncTBa,  -rexHHRecxoA  KBajTn$HKaiuoj  ■  npoaaBoa- 
CTseHHoA  ntrueHhi  McnomnTtJtei 

17. 

YnaKOBKa.  MeToaw  xoNCepaanxa 

ia 

KoHTpafib  npoetcTHpoMHHa  a  npoR3BOflCTsa.  Meroau  a  cpeacma  KOtrrpoAa 

.  19- 

ypot-eHb  h  ofibeM  .lafiopaTopawx,  3asoacxMX  a  noAarOHKUx  rrpoaepoa  a 

■ 

HcnuTaHaA 

20. 

KcuiH'jecTBO  rexaBaecxoA  aoxyMeHTauaii  (npoexTHOfl,  rrpon3BoacTaeaaoA  ■ 
3Kcn3y aTanHOHHO A} .  noAHoTa,  a  xei-KOcn,  K3.io*eHHfl 

21. 

TeXHHKO-3KOBOMU<<eCKHA  ana^TH3  npMRJIThUC  peaieSMA  » 

( 

Key:  (a),  p.  p.  (b) .  They  are  assigned  by  user  (client).  1. 
Designation/purpose  (overall  sizes,  masses).  2.  Technical 
requirements  (accuracy,  operating  speed,  sensitivity,  frequency  band, 
power,  dynamic  range,  qualitative  indices,  etc.).  3.  Qualification  of 
the  service  and  operating  personnel.  4.  Print  run 
(general/common/total  and  annual  production).  5.  Required  life 
(technical  service  life),  character  and  the  duration  of  continuous 
operation.  6.  Conditions  and  the  duration  of  storage,  transportation. 
7.  Losses  with  the  malfunction  due  to  idle  times  and  the  possible 
death  of  property.  8.  Operating  conditions:  the  temperature  of  air  on 
the  surface  of  device/equipment  (limiting  values,  the  duration  of 
effects,  the  amplitudes  of  oscillations,  rate  of  change,  cyclic 
recurrence);  air  humidity  (limiting  values,  the  duration  of  effects, 
cyclic  recurrence);  air  pollution;  iieight/alt itude  above  sea  level 
(decrease  of  dissipation  of  heat,  the  increased  wear  of  the  friction 
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parts,  the  effective  force  of  ultraviolet  radiation,  the  decrease  of 
dielectric  strength  of  air);  water  (sea  water,  hoarfrost,  dew); 
solar,  etc.  radiation;  the  period  of  year  (climatic  situation,  the 
definition  of  change  and  the  duration  of  climatic  effects); 
biological  factors  (fungus  microorganisms,  insects  and  small  animals 

-  rodents);  dust,  sand  (intensive  corrosion,  media  for  the 
microorganisms).  9.  Mechanical  load  (wind,  etc.).  10.  Impacts  and 
vibration  with  the  operation  and  the  transport,  (c).  They  are 
determined  by  producer.  1.  Technical-economic  qualification  of 
developers  (standard  of  knowledge  and  experiment).  2.  Consciousness 
of  the  importance  of  tasks  (level  of  educational  work).  3. 
Systematization  of  operating  experience.  Account  of  the  requirements 
of  anthropometric  engineering  (convenience  in  the  operation  and 
maintenance).  4.  Use/application  of  methods  of  optimum 
technical-economic  design  on  the  criteria.  5.  Ratio  of  administration 
to  service  of  reliability  and  quality  control.  6.  Form  of  production 

-  mass,  series,  individual.  7.  Unification,  normalization  and 
standardization  in  the  production,  the  use/application  of  modular 
(function-block)  production,  the  use/application  of  the  approved 
diagrams  and  constructions/designs.  8.  Noncriticality  of  diagrams  and 
constructions/designs  (series  capacity,  stability  to  the  climatic  and 
mechanical  effects,  the  aging  and  the  wear).  9.  Simplicity  of  logic 
circuit  and  construction/design,  a  quantity  (simplicities  of  the 
functions,  fulfilled  by  the  separate  blocks  of  diagram 
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(construction/design).  10.  Quantity  and  the  required  accuracy  of  the 
elements  of  diagram  and  construction/design  for  the  realization  of 
the  solutions  accepted.  Possibility  of  the  compensation  for 
tplerances  by  adjustment.  11.  The  reserves  (load  factors)  accepted. 
Cooling  conditions.  12.  Taken  measures  for  simplification  in  the 
preventive  maintenance,  which  forecasts  failures.  Maintainability, 
the  use/application  of  the  built-in  checking,  the  value  of  readiness 
factor.  13.  Methods  and  the  redundancy  rate  of  blocks  and  equipment 
as  a  whole.  14.  Physicochemical  properties,  the  nomenclature  of  the 
materials  used  and  completing  articles,  their  cost/value.  15. 
Technical-economic  optimality,  level  and  the  mastery/adoption  of 
required  technology.  16.  Level  of  the  culture  of  production, 
technical  qualification  and  production  hygiene  of 

executors/performers.  17.  Packing,  the  methods  of  conservation.  18. 
Checking  of  design  and  production,  methods  and  the  means  of  checking. 
19.  Level  and  the  space  of  laboratory,  plant  and  polygon  checkings 
and  tests.  20.  Quantity  of  technical  documentation  (design, 
production  and  operating),  completeness,  and  clearness  of 
presentation.  21.  Technical-economic  analysis  of  the  solutions 
accepted. 

Page  103. 


By  effect  on  any  of  them  it  is  possible  to  raise  reliability. 
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Some  measures  for  an  increase  in  the  reliability  are  already  in 
detail  examined,  some  will  be  studied  in  the  following  chapters.  In 
this  paragraph  let  us  examine  redundancy  and  fundamental 
recommendations  regarding  an  increase  in  the  reliability. 

Redundancy  -  this  is  the  use/application  of  supplementary 
(surplus)  elements/cells  or  devices/equipment,  which  work  in  the  case 
of  the  failures  of  bases.  A  number  of  stand-by  devices/equipment  to 
each  worker  is  called  redundancy  rate  m. 
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Fig.  V-15 .  Fig.  V-16. 

Fig.  V-15.  Block  diagram  of  general/common/total  redundancy. 

Fig.  V-16.  Block  diagram  of  separate  redundancy. 

Page  104. 

Redundancy  can  be  general/common/total  (Fig.  V-15),  when  instead  of 
the  refused  system  are  connected  alternately  others  stand-by,  and  by 
separate,  when  they  reserve  system  unit-by-unit,  i.e.,  in  the  case  of 
the  failure  of  system  they  determine  and  they  replace  the  refused 
blocks  (Fig.  V-16).  In  the  case  of  the  failure  spare  unit  can  accept 
load  on  itself,  replace  with  basis,  by  switching  by  hand  or  is 
automatic,  the  so-called  reserved  replacement  value;  or  spare  units 
(elements/cells)  are  connected  and  work  simultaneously  with  the  bases 
-  parallel  redundancy,  while  in  the  case  of  the  failures  load  is 
redistributed.  Stand-by  elements/cells  (blocks)  can  be  found  in  the 
operational  conditions  -  this  the  so-called  loaded  reserve ; 
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incomplete  operational  conditions  -  this  is  the  lightened  reserve; 
nonoperating  state  -  unloaded  reserve.  The  selection  of 
mode/conditions  is  essential,  for  example,  for  the  vacuum-tube 
instruments,  since  the  heating  of  cathode  continues  from  tens  of 
seconds  to  several  minutes.  The  lightened  mode/conditions  of  REA  in 
many  instances  is  reduced  to  decrease  in  the  supply  voltage,  this 
sharply  shortens  the  time  of  the  establishment  of  normal  mode  and  at 
the  same  time  decreases  aging  elements/cells  and  nodes. 

During  the  investigation  of  reliability  is  examined  series 
connection  of  elements/cells,  with  which  failure  of  one  of  the  n 
elements/cells  causes  failure  of  entire  system  (S  V-2)  and  parallel 
connection,  with  which  the  failure  even  m  of  elements/cells  from  m+1  • 
does  not  cause  the  failure  of  system.  Let  us  rate/estimate  efficiency 
of  REA  in  the  simplest  cases  of  general/common/total  and  separate 
redundancy.  For  simplicity  of  linings/calculations  let  us  assume  that 
the  failures  6f  blocks  are  independent,  the  refused  blocks  are  not 
overhauled,  the  reliability  of  switching  systems  is  one  hundred 
percent.  The  effect  of  the  unreliability  of  switching  systems  can  be 
rated/estimated,  after  multiplying  the  reliability  of  the  redundant 
system  by  the  reliability  of  switching  systems. 

With  the  general/common/total  redundarfcy  (Fiq.  V-15)  in  each  i 
system  n  of  the  i  blocks  they  are  connected  in  series,  and  m+1  of  the 
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j  systems  -  in  parallel.  Assuming/setting  the  reliability  of  the 
blocks  of  the  basic  and  stand-by  systems  of  identical  P*/  =»  P,.  let  us 
find  the  reliability  of  one  j  system  with  series  connection  n  of 

/■wt 

blocks  (S  V-2 )  Pxi  =  P<x  =  Probability  that  the  system  with  the 

(-1 

m-fold  redundancy  will,  refuse,  unreliability  P0 r  -  is  determined  by 
failure  probability  all  m+1  systems  (m  of  stand-by  ones  and  by  one 
fundamental),  of  the  equal  to  the  product  of  the  probabilities  of 

_  /»<n+|  I— «l-H  _ 

their  failure  P0z=*  n  ?«/=»  n  P„,  *»  p£+l.  The  unreliability  of  each 

/-i  /-i 

system  is  identical  and  equal  to  P«  =“  1  —  Poe- Rel iabil ity  with  the 
general/common/total  redundancy  of  the  system 

Pd-  i-Poz  =  i-p£+l  -  i-(i-  Poc)n+l  - 1  -  (i  -  psr+1  - 

(V-25) 

Page  105. 


With  the  separate  redundancy  (Fig.  V-16)  the  i  blocks  of  all 

systems  are  connected  in  parallel,  so  that  the  group  of  the  i  blocks 

\ 

remains  operational,  until  at  least  one  of  m+1  blocks  of  gf-oup  it  is 
operational;  all  of  the  i  group  of  blocks  are  connected  in  series, 
and  if  one  of  the  n  groups  refuses,  the  redundant  system  will  be 
inefficient. 


The  blocks  of  the  i  group  are  connected  in  parallel;  therefore 
the  unreliability  of  the  group 

Kr,  -TT  K,  -  PT'  -  (1  -  Pj**  -  (1  -  PjmM. 

/-I 


I 
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Reliability  of  the  i  group  of  the  blocks 

P*r,-l-£«rp=  l-il-Pj***. 

All  of  the  i  group  of  blocks  are  connected  in  series;  therefore 
the  reliability  of  the  separately  redundant  system  from  n  (m+1)  of 
blocks  with  the  identical  reliability  P, 

Poz  -  (/>«rp)"  -  U  -  (I  -Pjm+'  |".  '  (V-26) 

The  reliability  of  each  block  is  changed  in  the  time, 
respectively  the  reliability  of  system  also  depends  on  the  time 

P«  (0  -  ( 1  - 11  -  P*  (0r+'r.  (V- 27) 

Let  us  compare  an  increase  in  the  reliability  with  the 
>  general/common/total  and  separate  redundancy  for  the  different  values 
of  m,  n  and  P,.  The  results  of  calculations  according  to  (V-25)  and 
(V-26)  are  given  in 'Table  V-7. 

Redundancy  is  an  effective  means  of  an  increase  in  the 

\ 

reliability,  moreover  separate  redundancy  is  better,  although 
switching  system  here  is  considerably  more  complicated.  The  advantage 
of  separate  redundancy  is  completely  explained,  system  will  be 
operational  even  in  the  case  of  failure  nm  from  n  (m+1)  of  blocks 
(elements/cells) if  in  each  i  group  of  blocks  one  operational 
remains . 
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'Table  V-7 .  Reliability  of  general/common/total  and  separate 
redundancy. 


\  n 

Pa 

-0.75 

P0  -«•* 

P0  -0.95 

a  |  i 

3 

3 

0 

■ 

9 

* 

7 

7 

2 

0.56 

0.8 1* 

0.91 

0.96 

0.81 

0.96 

0.993 

0,999 

0.9 

0,99 

0.999 

-1 

0.89 

0,97 

0,99 

0,98 

0.998 

-1 

0,995 

~1 

-1 

5 

0.24 

0.42 

0,56 

0,66 

0,59 

0,84 

0,94 

0,97 

0.78 

0,95 

0,98 

0.998 

0./3 

0.92 

0,98 

0.95 

0,995 

~l 

0,99 

0,999 

-1 

10 

0.06 

0,11 

0.16 

0.23 

0.35 

0.59 

0,74 

0.83 

0.6 

0.86 

0.94 

0,97 

0.52 

0.85 

0.96 

0.9 

0.99 

0.999 

0.98 

0.999 

-1 

FOOTNOTE  l.  In  the  r  omerator  -  reliability  of  general/common/total, 
in  the  denominator  -  separate  redundancy.  ENDFOOTNOTE. 

Page  106. 

The  mean  time  of  failure-free  operation  with  redundancy  T „ 
increases  only  1.5-2  times,  if  all  systems  are  simultaneously 
connected  with  the  work  (constant  loaded  redundancy)  and  after 
failure  are  not  overhauled.  During  the  restoration/reduction  of 
system  after  the  failures,  when  relation  is  sufficiently  great 

(T'lm.  -  recovery  time  of  system  after  failure),  the  mean  time  of 
trouble-free  work  of  the  redundant  system  considerably  (into  dozens 
of  times  to  each  stand-by  system)  qrows/rises  with  an  increase  in  the 


DOC  =  83124804 


PAGE  ^ 


redundancy  rate. 

With  an  increase  in  the  reliability  with  the  aid  of  the 
redundancy  the  redundancy  of  equipment  appears,  increases  also  a 
quantity  of  service  personnel  for  the  stand-by  systems.  Redundancy 
leads  to  a  change  in  the  total  cost/value  of  reserved  REA.  The 
general/common/total  cost/value  of  system  with  the  redundancy,  on  one 
hand,  increases  with  an  increase  in  the  multiplicity,  since  increases 
a  quantity  of  equipment,  and  on  the  other  hand,  it  decreases,  since 
the  required  reliability  and  cost/value  (V-6)  of  basic  and  stand-by 
systems  descends.  There  is  an  optimum  redundancy  rate,  with  which  the 
cost/value  of  the  redundant  system  is  minimum. 

In  the  elaborate  expensive  complexes  of  REA  they  solve  the 
problem  of  redundancy  compromise.  Let  us  examine  this  based  on  the 
example  of  the  powerful/thick  radio  transmitting  equipment.  The 
cost/value  of  the  powerful/thick  transmitter  is  determined  by  the 
cost/value  of  the  output  stage.  This  cascade/stage  is  made  along  the 
unit-block  system  from  m  blocks,  in  this  case  the  failure  of  one 
block  does  not  disable  entire  system  (partial  failure),  but  by  the 
period  of  repair  it  only  decreases  the  power  output.  Low-power,  less 
expensive  blocks,  reserve  completely.  In  this  case  reliability  and 
the  average/mean  mean  time  between  failures  of  the  redundant 
overhauled  system  considerably  is  raised  with  a  relatively  small 
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increase  in  the  cost/value. 

In  the  REA,  which  includes  many  same-type  blocks,  is  applied 
fractional  redundancy,  for  example,  at  the  large/coarse  radio  centers 
with  a  large  number  of  same-type  restorable  (overhauled) 
devices/equipment  one  or  several  each  type  stand-by  devices/equipment 
provide  for. 

Let  us  examine  other  measures  for  an  increase  in  the  reliability 
of  REA.  Efficiency  P  and  readiness  factor  kT  ( V— 1 )  determine 
reliability  of  REA.  For  increase  K  it  is  necessary  to  shorten  T^u  - 
the  time  of  the  repair  of  the  refused  block  and  I'm***  -  time  of  the 
prevent  it ive  checks. 

Page  107. 

To  create  maintainable  REA  is  possible,  1)  if  we  apply  the 
built-in  control,  which  resolves  without  the  break  of  normal 
operation  to  monitor  the  determining  parameters  of  equipment  (S 
XIII-6);  2)  if  construction/design  makes  it  possible  to  easily  change 
blocks;  3)  if  the  location  "of  blocks,  indicators,  control  knobs  is 
mnemonic  substantiated;  4)  if  they  are  satisfied  other  requirements 
of  the  anthropometric  engineering,  which  facilitate  minimum 
enervation  of  operators  and  road-mending  machines  (S  XI I  —  2 ) ;  5)  if 
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they  are  created  the  quality-control  and  testing  stations  for  the 
preventitive  check  (S  XIII-5);  6)  if  it  is  applied  the  function-block 
layout  of  diagram  with  the  control  points,  which  resolve  to  rapidly 
determine  the  place  of  damage  (S  XI 1 1-6). 

The  fundamental  ways  of  increasing  the  efficiency  of  the  REA  are 
the  following: 

1.  The  search  for  criteria  for  forecasting  the  sudden  and 
deterioration  failures;  the  translation/conversion  of  the  random 
failures  into  the  category  of  those  forecasted,  since  the  correctly 
set  routine  checks  together  with  the  use/application  of  the 
noncritical  diagrams  checked  and  constructions/designs  virtually 
permit  excluding  the  forecasted  failures  of  the  REA. 

2.  Increase  in  the  qualification  of  developers,  strict 
construction  engineering  discipline  (tables  V-l),  which  prevents 
errors  during  the  design  of  REA  (Pig.  1-2,  table  V-6),  the 
use/application  of  materials  and  elements/cells  in  those  not 
admitted,  not  provided  for  them  by  standards/normals,  or  maximum 
modes/conditions  under  the  influence  of  the  assigned  by  user  heavy 
ambient  conditions.  It  is  necessary  to  focus  attention  not  only  to 
the  macroclimate  -  average/mean  values  on  the  block,  the  strut,  etc., 
but  also  for  the  microclimate  of  each  element/cell,  which  completes 
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articles.  Is  important  heating  not  the  radiator,  but  p-n  junctions, 
is  important  not  the  external  temperature  of  winding  article,  but  the 
temperature  of  insulation  within  the  winding  article,  or  the 
micro-temperature  of  the  tanks/balloons  of  vacuum-tube  instruments. 

3.  Use/application  of  standard  ones  and  the  development  of  the 
new  checked  under  the  actual  conditions  elements/cells,  nodes  and 
constructions/designs  with  small  rates  of  failures  and  large  life. 

4.  Facilitation  of  the  mode/conditions  of  circuit  and  structural 
elements/cells,  which  lowers  rate  of  failures  (S  V-3).  Usually  this 
leads  to  an  insignificant  increase  in  the  overall  sizes  and  mass  of 
REA,  although  the  mass  and  the  overall  sizes  of  more  powerful/thicker 
elements/cells  are  more,  since  in  the  real  devices/equipment  in  the 
loaded  mode/conditions  it  works  not  more  than  20-30%  elements/cells, 
which  must  be  unloaded;  remaining  elements/cells  are  loaded  not 
completely  (grid  or  base  circuits  of  low-power  devices/equipment, 

etc . )  . 


5.  We  do  not  recommend  switching  microstrain  (S  VII-4),  the 
applying  of  thin  winding  (0.07-0.1  mm)  wires,  etc. 

In  conclusion  let  us  present  the  exemplary/approximate  order  of 
calculation  ("fable  V--8)  of  efficiency  according  to  the  random 
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failures.  The  detailed  data  about  the  rates  of  failure  X(,  the  factors 
of  load  and  the  stiffness  coefficient  of  operation  fe*  (table 

V-4),  necessary  for  calculating  the  efficiency,  are  in  the  literature 
[2,  40]  and  RTM  of  the  departments  of  the  reliability  of  enterprises. 
The  data  about  a  number  of  parts  nt  and  information  about  the 
mode/conditions  for  determining  the  factor  of  load  K  are  taken  from 
the  schematic  diagram  and  the  calculated  note  of  block,  they 
determine  according  to  the  designation/purpose  of  the  REA. 


/ 
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Table  V-8.  Calculation  rcp  of  block  during  the  lightened 


mode/conditions  of  elements/cells. 
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Hence:  Tcp  -  io»/2  ju  10V9.4=104  hour;  P  (t)=exp  (-t*10-4). 


Keys:  (1).  Designation  of  the  i  element/cell.  (2).  Quantity  of  i 
elements/cells.  (3).  Load  factor.  (4).  The  correction  factor  of  load 
with  t=20°C.  (5).  Influence  coefficient  of  micro-temperature 
with  t=70°C.  (6).  Failure  rate  is  nominal  (Fig.  V-3)  on  101  h. 

(7).  Given  failure  rate.  (8).  Transistor.  (9).  Fig.  (10). 
Semiconductor  diode.  (11).  Resistor  MLT .  (12).  Capacitors.  (13).  KGB. 
(14).  Solder ings.  (15).  Electron  tubes.  (16).  CouDlinq. 
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